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N w Epothilon Derivatives^ Process for their Production, 

and their Pharmaceutical Use 

Hofle at al. describe the cytotoxic action of the natural 
products epothilone A (R = hydrogen) and epothilone B (R = 
methyl) 




Epothilone A (R = h) , Epothilone B (R = CH3) 
in, e.g., Angew. Chem. [Applied Chem. ] , 1996, 108, 1671-1673 • 
Because of their in-vitro selectivity for breast cell lines and 
intestinal cell lines and their significantly higher activity 
against P-glycoprotein-f orming multiresistant tumor lines in 
comparison to taxol as well as their physical properties that are 
superior to those of taxol, e.g., a water solubility that is 
higher by a factor of 30, this novel structural class is 
especially advantageous for the development of a pharmaceutical 
agent for treating malignant tumors. 

The natural products are not sufficiently stable either 
chemically or metabolically for the development of pharmaceutical 
agents. To eliminate these drawbacks, modifications to the 

natural~pr"oduct' are-necessar_y_ Such jnodificat ions are possible 

only with a total-synthesis approach and require synthesis ' 
strategies that make possible a broad modification of the natural 



products The purpose of the structural changes is also to 
increase the therapeutic range. This can be done by improving 
the selectivity of the action and/or reducing undesirable toxic 
side-effects and/or increasing active strength* 

The total synthesis of epothilone A is described by Schinzer 
et al. in Chem. Eur. J. 1996, 2, No. 11, 1477-1482 and in Angew. 
Chem. 1997, 109, No. 5, pp. 543-544). 

Epothilone derivatives were already described by Hofle et 
al. in WO 97/19086. These derivatives were produced starting 
from natural epothilone A or B. 

Another synthesis of epothilone and epothilone derivatives 
was described by Nicolaou et al. in Angew. Chem. 1997, 109, No. 
1/2, pp. 170-172. The synthesis of epothilone A and B and 
several epothilone analogues was described in Nature, Vol. 387, 
1997, pp. 268-272; and the synthesis of epothilone A and its 
derivatives was described in J. Am. Chem. Soc. , Vol. 119, No. 34, 
1997, pp. 7960-7973 as well as the synthesis of epothilone A and 
B and several epothilone analogues in J. Am. Chem. Soc, Vol. 
119, No. 34, 1997, pp. 7974-7991 also by Nicolaou et al. 

Nicolaou et al. also describe in Angew. Chem. 1997, 109, No. 
19, pp. 2181-2187 the production of epothilone A analogues using 
combinative solid-phase synthesis. Several epothilone B 
analogues are also described there. 

The object of this invention consists in making available 
new~epothi-lone-derivat i ves which^ arie^ Jbqtji chemi^^ and 
metabolically stable enough for the development of pharmaceutical 
agents and which are superior to natural derivatives in terms of 



their therapeutic range, their selectivity of action and/or 
undesirable toxic side-effects and/or their active strength. 

This invention describes the new epothilone derivatives of 
general formula I, 
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in which 

r''^, R^^ are the same or different and mean hydrogen, C^-C^ 

alkyl, aryl, C^-C^^ aralkyl, or together a -(CH2)^ group 
with m == 2 , 3 , 4 or 5 , 

R^^, R^^ are the same or different and mean hydrogen, C^-C^q 
alkyl, aryl, C^-C^g aralkyl or together a -(CHg)^ group 
with n = 2, 3, 4 or 5, whereby, if -D-E- stands for 
-CH2-CH2- or Y stands for an oxygen atom, R^^/R^^ cannot 
be hydrogen/methyl, 

R^ means hydrogen, C^-C^q alkyl, aryl, C^-C^^ aralkyl, 

R^^, R^*^ are the same or different and mean hydrogen, C^-C^q 
alkyl, aryl, Cj-C^^ aralkyl or together a -(CH2)p group 
with p = 2 , 3 , 4 or 5 , 

HO OH HO H 
O II 11 

HjC— CHj HC=CH C=C Vw ^-C C— C 

» • I HO— OM ,11, III 

H H H H 

D^E- - means - a- group 



R5 



means hydrogen, C^-C^^ alkyl, aryl, C^-C^^ aralkyl. 



, R' each mean a hydrogen atom, together an additional 



bond or an oxygen atom. 



,8 



means hydrogen, C^-Cgg alkyl, aryl, Cj-C^^ aralkyl, which 



can all be substituted. 



X 



means an oxygen atom, two alkoxy groups OR", a Cj-C^^ 
alkylene-a,S)-dioxy group, which can be straight-chain 
or branched, H/OR^ or a grouping CR'^^R^^ 



whereby 



R' 
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stands for a C--C-Q alkyl radical. 



stands for hydrogen or a protective group PG*, 



R^*^, R^^ are the same or different and stand for 
hydrogen, a C^-CgQ alkyl, aryl, Cy-C^^ aralkyl 
radical or R^^ and R^^ together with the methylene 
carbon atom together stand for a 5- to 7-membered 
carbocyclic ring, 
Y means an oxygen atom or two hydrogen atoms, 
Z means an oxygen atom or K/OR^^, 
whereby 

R^^ means hydrogen or a protective group PG^* 
The production of the new epothilone derivatives is based on 
the linkage of three partial fragments A, B and C« The 
interfaces are as . indicated in general formula I'. 



X 




I' 



A means a C1-C6 fragment (epothilone numbering system) of 
general formula 




A. 

in which 

R^^', R^^', r2^' and R^^' have the meanings already mentioned 
for R^% R^b, R2a and R^^, and 

R^^ means CHgOR^^^, CH2-Hal, CHO, C02R^^^, COHal, 
R^^ means hydrogen, OR''^^, Hal, OSOgR^^^, 

j^i3a^ j^ua inean hydrogen, SOg-alkyl, SOg-aryl, SOg-aralkyl or 
together a -(^2)^ group or together a CR^^^R^^b g2:oup, 

j^i3b^ j^ub ^3^^ hydrogen, C^-C2o alkyl, aryl, C^-C^q aralkyl, 

j^isa^ R^^^ are the same or different and mean hydrogen, C^-C,q 
alkyl, aryl, C^-Cjq aralkyl or together a -(CH2)q group, 

Hal means halogen, 

o means 2 to 4 , 

q means 3 to 6, 

including all stereoisomers as well as their mixtures, and 
free hydroxyl groups in R^^ and R^"^ can be etherif ied or 
esterified, free carbonyl groups can be ketalized in A and R^^, 
converted into an enol ether or reduced, and free acid groups in 
A can be converted into their salts with bases. 

B stands for a C7-C12 fragment (epothilone numbering system) 



of general formula 




B 

in which 

R^' , R^^' , R^^' and R^' have the meanings already mentioned for 

R^, R^^, R^^ and R^, 
V means an oxygen atom, two alkoxy groups OR^'^, a C2-C^q 

alkylene-a,&-dioxy group, which can be straight-chain 

or branched or H/OR^^, 
W means an oxygen atom, two alkoxy groups OR^^, a C^-C^^ 

alkylene-a , ?l)-dioxy group, which can be straight-chain 

or branched or H/OR^®, 
R^^, R^®, independently of one another, mean hydrogen or a 

protective group PG^ 
R^^, R^^, independently of one another, mean C^-C^q alkyl, 
C stands for a C13-C16 fragment (epothilone numbering 

system) of general formula 



in which 




R®' has the meaning already mentioned in general formula I 
for R^, and 
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U 



means a hydrogen atom. 

means a hydrogen atom or a protective group PG^ , 
means a hydroxy group, halogen, a protected hydroxy 
group OPG^, a phosphonium halide radical PPhj^Hal* (Ph = 
phenyl; Hal = F, CI, Br, I), a phosphonate radical 
P(0)(0Q)2 (Q = C^-C^Q alkyl or phenyl) or a phosphine 
oxide radical P(0)Ph2 (Ph = phenyl), 

means an oxygen atom, two alkoxy groups OR^^, a C^-C^^ 
alkylene-a,S)-dioxy group, which can be straight-chain 
or branched, H/OR^ or a grouping CR^°R^\ 
whereby 



R 
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Stands for a C^-C^^ alkyl radical. 



R' stands for hydrogen or a protective group PG^, 
R^*^, R^^ are the same or different and stand for 

hydrogen, a C^-C2o alkyl, aryl, Cj-C^^ aralkyl 
radical or R^° and R^^ together with the methylene 
carbon atom together stand for a 5- to 7 -member ed 
carbocyclic ring. 
As alkyl groups R^^ r2% R2b^ r3^ rA^ ^ ^ ^ pii ^ 

R^2^ Rl^^ R^^^ R^^^ r^^^, rI^ and r23, straight-chain or branched- 
chain alkyl groups with 1-20 carbon atoms can be considered, such 
as, for example, methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, heptyl, 
hexyl, and decyl, 

-Alky 1 -groups. _r1^,_R^i^^_ Ri^_^R_!*^_. ^R^.,, _R^,__r5 , r8^r9^^o^ ^11^ ^ 

R^^^ R^^^ R^^a^ ^isb^ ^zz perfluorinated or 

substituted by 1-5 halogen atoms, hydroxy groups, C^-C^ alkoxy 



groups, aryl groups (which can be substituted by 1-3 

halogen atoms) . 

As aryl radicals R^^, r2% r^^, r3, r^^ r5^ r8^ j^io^ ^ 

R^2, R^^'', R^^^, R^5a j^isb^ substituted and unsubstituted 

carbocyclic or heterocyclic radicals with one or more 
heteroatoms, such as, e.g., phenyl, naphthyl, furyl, thienyl, 
pyridyl, pyrazolyl, pyrimidinyl, oxazolyl, pyridazinyl, 
pyrazinyl, guinolyl, thiazolyl, which can be substituted in one 
or more places by halogen, OH, O-alkyl, CO^H, COj-alkyl, -NH2, 
-NO2, -N3, -CN, C^-C^o alkyl, C^-C2o acyl, C^-C^^ acyloxy groups, are 
suitable. Heteroatoms in the heteroaryl radicals can be 
oxidized; thus, for example, the thiazole ring can be present in 
the form of N-oxide. 

The aralkyl groups in R^% R^^, R^^, R^'^, R^, r^, rS^ rS^ r9^ r10^ 
R^^ R^^^, r1^*^, Ri5a and R^5^ can contain in the ring up to 14 C 
atoms, preferably 6 to 10, and in the alkyl chain 1 to 8, 
preferably 1 to 4 atoms. As aralkyl radicals, for example, 
benzyl, phenylethyl, naphthylmethyl , naphthylethyl , furylmethyl, 
thienylethyl, and pyridinylpropyl are suitable. The rings can be 
substituted in one or more places by halogen, OH, O-alkyl, COgH, 
COg-alkyl, -NO2, -N3, -CN, C^-C2o alkyl, €^-€20 acyl, C^-C2o acyloxy 
groups . 

The alkoxy groups that are contained in X in general formula 
I are in each case to contain 1 to 2 0 carbon atoms, whereby 
_meJ:hoxy , _ejyiqxy , _pr^^ and t-butyloxy groups are 

preferred . 



As representatives of protective groups PG, alkyl- and/ or 
aryl-substituted silyl, C^-CgQ alkyl, C^-C/ cycloalkyl, which in 
addition in the ring can contain an oxygen atom, aryl, C^-Cgo 
aralkyl, C^-C2q acyl and aroyl can be mentioned. 

As alkyl, silyl and acyl radicals for protective groups PG, 
the radicals that are known to one skilled in the art are 
suitable. Preferred are alkyl or silyl radicals that can be 
easily cleaved from the corresponding alkyl and silyl ethers, 
such as, for example, methoxymethyl , methoxyethyl , ethoxyethyl, 
tetrahydropyrany 1 , tetrahydrof urany 1 , tr imethylsilyl , 
triethylsilyl , tert-butyldimethylsilyl , tert-butyldiphenylsilyl , 
tribenzy Isily 1 , tr iisopropy Isily 1 , benzyl , para-nitrobenzyl , 
para-methoxybenzyl radicals as well as alkylsulf onyl and 
arylsulfonyl radicals. As acyl radicals, e.g., formyl, acetyl, 
propionyl, isopropionyl , pivalyl, butyryl or benzoyl, which can 
be substituted with amino and/ or hydroxy groups, are suitable. 

Acyl groups PG^ or PG^ in and R^^ can contain 1 to 20 
carbon atoms, whereby formyl, acetyl, propionyl, isopropionyl and 
pivalyl groups are preferred. 

Index m in the alkylene group that is formed from R^^ and r''*' 
preferably stands for 2 , 3 or 4 . 

The C2-C^Q alkylene-a, S)-dioxy group that is possible for X is 
preferably an ethyleneketal or neopentylketal group. 

The substituents can be selected in the compounds of general 
f ormu la I in "such" a way~tha t _ _ 




Y, 2, R^=, R^**, r2« and R^** all can have the meanings that are 
indicated in general formula I, and the remainder of the molecule 
is identical to naturally occurring epothilone A or B, or 

r', R^^, R*'', D-E, r5, r' and R^ all can have the meanings that 

are indicated in general formula I, and the remainder of the 
molecule is identical to naturally occurring epothilone A or B, 
or 

R^, R^, R^ and X all can have the meanings that are indicated 
in general formula I, and the remainder of the molecule is 
identical to naturally occurring epothilone A or B, or 

Y, Z, r1% R^^ r2% R2b, R^^ R^b^ ^ . p6 r7 Can 

have the meanings that are indicated in general formula I, and 
the remainder of the molecule is identical to naturally occurring 
epothilone A or B, or 

Y, Z, R^% R^^, r2% R2b^ r6^ ^^^^ ^j^^ 

meanings that are indicated in general formula I, and the 
remainder of the molecule is identical to naturally occurring 
epothilone A or B, or 

R^, r"*^, R^'^, D"E, r5, R^, R^, R^ and X all can have the 
meanings that are indicated in general formula I, and the 
remainder of the molecule is identical to naturally occurring 
epothilone A or B. 

The compounds that are mentioned below are preferred 
according to the invention: 

r4S77R78Sv9S7^13 (-Zi-^-16S-(-E-)-) -4 , 8--Di^^ 

methyl-2- (2-methyl-4-thia2olyl) ethenyl) -l-oxa-5, 5,9, 13- 
tetramethyl-cyclohexadec-13-ene-2 , 6-dione, and 



(4S,7R,8S,9S, 13E, 16S{E) ) -4 , 8-dihydroxy-7-ethyl-16- ( l-methyl- 
2-(2-inethyl-4-thiazolyl) ethenyl) -l-oxa-5, 5,9 , 13"tetramet:hyl- 
cyclohexadec-13-ene-2 , 6-dione 

(IS, 3S (E) , 7S, lOR, lis, 12 S, 16R) -7 , ll-Dihydroxy-3 - ( l-methy 1-2 - 
(2-methyl-4-thiazolyl) ethenyl) -lO-ethyl-8 ,8,12, 16-tetrainethyl- 
4 , 17-dioxabicyclo [ 14 . 1 . 0 ] heptadecane-5 , 9-dione and 

(1R,3S(E) ,7S, 10R,11S, 12 S, 16S) -7 , ll-dihydroxy-3- ( l-methYl-2- 
{2-inethyl-4-thiazolyl) ethenyl) -10-ethy 1-8 ,8,12, 16-tetramethyl- 
4 , 17-dioxabicyclo [ 14 • 1 . O ]heptadecane-5 , 9-dione 

(IS, 3S(E) ,7S, lOR, lis, 12 S, 16S) -7, ll-Dihydroxy-3- ( l-methyl-2- 
( 2-inethyl-4-thiazoy 1 ) etheny 1 ) -lO-ethyl-8 , 8 , 12 , 16-tetramethyl- 
4 , 17-dioxabicyclo [ 14 . 1 . 0 ] heptadecane-5 , 9-dione and 

(1R,3S(E) ,7S, lOR, lis, 12S, 16R) -7 , ll-dihydroxy-3 - ( l-methy 1-2- 
( 2-methyl-4-thiazolyl) ethenyl) -lO-ethyl-8 ,8,12, 16-tetramethyl- 
4 , 17-dioxabicyclo [14,1.0] heptadecane-5 , 9-dione 

(4S,7S,8R,9S, 13Z, 16S(E) ) -4 , 8-Dihydroxy-7-ethy 1-16- ( l-methyl- 
2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-5 ,5,9, 13-tetramethyl- 
cyclohexadec-13-ene-2 , 6-dione and 

(4S,7S,8R,9S, 13E, 16S(E) ) -4 , 8-dihydroxy-7 -ethy 1-16- ( l-methy 1- 
2- (2-Tnethyl-4-thiazolyl) ethenyl) -l-oxa-5 ,5,9, 13-tetrainethyl- 
cyclohexadec-13-ene-2 , 6-dione 



(1S,3S(E) ,7S, lOS, IIR, 12S, 16R) -7 , ll-Dihydroxy-3- ( l-methyl-2- 
(2-inethyl-4-thiazolyl) ethenyl) -lO-ethyl-8 ,8,12, 16-tetrainethyl- 



4 , 17-dioxabicyclo[ 14 . 1 . 0 ] hept:adscane-5 , 9-dione , and 

(IR, 3S (E) , 7S, lOS, IIR, 12S, 16S) -7 , ll-dihydroxy-S- ( l-inethYl-2 
(2-methyl-4-thiazolyl) ethenyl) -lO-ethyl-8 ,8,12, 16-tetrainethyl- 
4 , 17-dioxabicyclo[ 14 . 1 • 0 ] heptadecane-5 , 9-dione 

(IS, 3S(E) , 7S, lOS, IIR, 12S, 16R) -7 , ll-Dihydroxy-3- ( l-inethyl-2 
(2-inethyl-4-thiazolyl) ethenyl) -lO-ethyl-8 , 8 , 12 , 16-tetramethyl- 
4 , 17-dioxabicyclo [ 14 . 1 . 0] heptadecane-5 , 9-dione, and 

(IR, 3S(E) ,7S, lOS, IIR, 12S, 16S) -7 , ll-dihydroxy-3- ( l-methyl-2 
(2-Tnethyl-4-thiazolyl) ethenyl) -lO-ethyl-8 ,8,12, 16-tetramethyl- 
4 , 17-dioxabicyclo [14 . 1. 0 ] heptadecane-5 , 9-dione 

(4S,7R,8S,9S, 13 (Z) , 16S(E) ) -4 , 8-Dihydroxy-5 , 5 , 7 , 9 , 13- 
pentainethyl-16- ( (3-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene- 
2 , 6-dione , and 

(4S, 7R, 8S, 9S, 13E, 16S(E) ) -4 , 8-dihydroxy-5 , 5 , 7 , 9 , 13- 
pentainethyl-16- { {3-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene- 
2 , 6-dione 

(IS, 3S(E) , 7S, lOR, lis, 12S, 16R) -7 , ll-Dihydroxy-8 , 8 , 10, 12 , 16 
pentainethyl-3- ( (3-pyridyl) ethenyl) -4 , 17- 
dioxabicyclo[ 14 • 1 . 0] heptadecane-5 , 9-dione, and 

(IS, 3S(E) ,7S, lOR, lis, 12S, 16S) -7 , 1 l-dihydroxy-8 , 8 , 10 , 12 , 16 
pentainethyl-3- ( (3-pyridyl) ethenyl) -4 , 17- 
"dioxabicyclo [ 14-rl-, 0 ] heptadecane-S-, 9-^ 




(4S, 7R, SS, 3S, 13 (Z) , 16S{E) ) -4 , 8-Dihydroxy-5 , 5 , 7 , 9 , 13 - 
pentamethyl-ie- ( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene- 
2,6-dione, and 

(4S,7R,8S,9S, 13E, 16S(E) ) -4 , 8-dihydroxy-5 , 5 , 7 , 9 , 13- 
pentainethyl-16- ( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene- 
2 , 6-dione 

(IS, 3S (E) , 7S, lOR, lis, 12 S, 16R) -7, ll-Dihydroxy-8 , 8, 10, 12 , 16- 
pentaTnethyl-3- ( (4-pyridyl) ethenyl) -4 , 17- 
dioxabicyclo [14.1.0] heptadecane-5 , 9-dione , and 

(1S,3S(E) ,7S, lOR, lis, 12 S, 168) -7 , ll-dihydroxy-8 , 8 , 10 , 12 , 16- 
pentainethyl-3- ( (4-pyridyl) ethenyl) -4 , 17- 
dioxabicyclo[ 14 . 1 . 0] heptadecane-5 , 9-dione 

(4S,7R,8S,9S, 13 (E or Z) , 16S (E) ) -4 , 8-Dihydroxy-16- ( 1-methyl 
2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-7-phenyl-5 ,5,9, 13- 
tetrainethyl-cyclohexadec-13-ene-2 , 6-dione 

(1(8 or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
Inethyl-2- (2-methyl-4-thia2olyl) ethenyl) -lO-phenyl-8 , 8 , 12 , 16- 
tetramethy 1-4 , 17-dioxabicyclo [14.1.0] heptadecane-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
Inethyl-2- (2-methyl-4-thia20lyl) ethenyl) -lO-phenyl-8 , 8 , 12 , 16- 
~tetr amethy 1 - 4 , 1 7 -d ioxab icy c lo-[^14 . 1 ._0 ]_hepjtadecane^ 5 , 9 -d ione 
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(4S,7R,8S,9S, 13 (E or Z) , 16S (E) ) -7-Ben2yl-4 , S-dihydroxy-lS- 
( l-methyl-2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-5 , 5 , 9 , 13- 
tetrainethyl-cyclohexadec-13-ene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-10-Benzyl-7,ll- 
dihydroxy-3- ( l-methy 1-2 - ( 2 -methy 1-4 -thiazoly 1 ) ethenyl ) -8 , 8 , 12 , 16 
tetraxnethyl-4 , 17-dioxabicyclo [14.1.0] heptadecane-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-10-Benzyl-7,ll- 
d ihydr oxy- 3 - ( 1 -methy 1 - 2 - ( 2 -methy 1-4-thiazolyl) etheny 1 ) - 
8,8,10,12, 16-tetramethyl-4 , 17-dioxabicyclo [14.1.0] heptadecane- 
5 , 9-dione 

(4S,7R,8S,9S,13 (E or Z) , 16S (E) ) -4 , 8-Dihydroxy-16- ( 1-methyl- 
2- (2-methyl-4-thiazolyl) ethenyl) -l-oxa-5 ,5,7, 13-tetramethyl-9- 
trif luoromethyl-cycloheixadec-l3-ene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
methyl-2-{2-methyl-4-thiazolyl) ethenyl) -8, 8, 10, 16-tetramethyl-12 
trif luoromethyl-4 , 17-dioxabicyclo [14.1.0] heptadecane-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
methyl-2- ( 2-methyl-4-thiazolyl) ethenyl) -8 , 8 , 10 , 16-tetramethyl-12 
trif luoromethyl-4, 17-dioxabicyclo [14 . 1 . 0 ] heptadecane-5 , 9-dione 



(4S,7R,8S,9S,11E/Z,13(E or Z) , 16S ( E) ) -4 , 8-Dihydroxy-16- ( 1- 
inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-5, 5,7,9, 13- 
pentamethyl-cyclohexadec-ll, 13-diene-2 , 6-dione 

(1(S or R) , 3S(E) ,7S, lOR, lis, 12S, 14E/Z, 16R) -7, ll-Dihydroxy-3 
(l-inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8 , 8 , 10, 12 , 16- 
pentainethyl-4 , 17-dioxabicyclo [ 14 . 1 . 0]heptadec-14-ene-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,14E/Z,16S)-7,ll-Dihydroxy-3 
( l-inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8 , 8 , 10 , 12 , 16- 
pentainethyl-4 , 17-dioxabicyclo [ 14 . 1. 0 ] heptadec-14-ene-5 , 9-dione 

(4S,7R,8S,9S, 13 (E or Z) , 16S (E) ) -4 , 8-Dihydroxy-16- { l-methyl- 
2- (2-inethyl-4-thia2olyl) ethenyl) -l-oxa-5, 5, 7 , 9 , 13-pentainethyl- 
cyclohexadec-13-ene-ll-ine-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
methyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8, 8, 10, 12, 16-pentainethyl 
4 , 17-dioxabicyclo [ 14 . 1 . 0]heptadec-14-ine-5 , 9-dione 

(1(R or S) /3S(E) , 7S , lOR, IIS , 12S , 16S) -7 , ll-Dihydroxy-3- ( 1- 
methyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8 , 8, 10, 12 , 16-pentamethyl 
4 , 17-dioxabicyclo [14 . 1. 0 ] heptadec-14-ine-5 , 9-dione 

(4S, 7R, 8S, 9S, 13 (E or Z ) , 16S ( E) ) -4 , 8-Dihydroxy-16- ( 1-methy 1- 
2 - ( 2 -methy 1-4 - thiazoly 1 ) eth^nyiy^-~oxa^5V^5 7V9-tetraTnethya— 1 3 - — 
trif luoroinethyl-cyclohexadec-13-ene-2 , 6-dione 



(1(S or R) ,3S(E) ,73,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
Inethyl-2-(2-Tnethyl-4-thiazolyl) ethenyl) -8, 8, 10, 12 -tetrainethyl-16- 
trif luoroTnethyl-4 , 17-dioxabicyclo[ 14 . 1 . 0]heptadeca-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
methyl-2- (2-methyl-4-thiazolyl) ethenyl) -8,8,10, 12-tetramethyl-16- 
tr if luoromethy 1-4 , 17-dioxabicyclo [14.1,0] heptadeca-5 , 9-dione 

(4S,7R,8S,9S,13 (E or Z ) , 16S (E) ) -4 , 8-Dihydroxy-16- ( 1-methyl- 
2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-l3-pentaf luoroethyl- 
5,5,7, 9-tetraTnethyl-cyclohexadec-13-ene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
Inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -16-pentaf luoroethyl- 
8,8,10, 12-tetrainethyl-4 , 17-dioxabicyclo [ 14 • 1 • 0 ] heptadeca-5 , 9- 
dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
lnethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -16-pentaf luoroethyl- 
8 , 8, 10, 12-tetraTnethyl-4 , 17-dioxabicyclo [ 14 . 1 . 0 ] heptadeca-5 , 9- 
dione 

(4S,7R,8S,9S,13(E or Z ) , 16S ( E) ) -4 , 8-Dihydroxy-16- ( l-methyl- 
2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-5, 5- (1, 3-triinethylene) - 
779 ,^13 -tr iTnethyl^cyciohexadee- 1-3 -ene- 2 , 6-dione 



17 



(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-(Dihydroxy-3-(l- 
Inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8 , 8- ( 1 , a-trimethylene) - 
10, 12 , 16"triinethyl"4 , 17-dioxabicyclo[ 14 . 1 . 0 ] hept:adeca-5 , 9-dione 

(1(R or S) ,3S{E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
Inethyl-2- (2-methyl-4-thiazolyl) ethenyl) -8, 8- (1, 3-trimethylene) - 
10,12, 16-triinethyl-4 , 17-dioxabicyclo [14.1.0] heptadeca-5 , 9-dione 

(4S,7R,8S,9S, llE/Z, 13 (E or Z) , 16S(E) ) -4 , 8-Dihydroxy-13 - 
ethyl-16- (l-inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -1-oxa- 
5,5,7, 9-t:etramethyl-cyclohexadec-ll , 13-diene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,14E/Z,16R)-7,ll-Dihydroxy- 
16-ethyl-3- (l-inethyl-2- (2-methyl-4-thiazolyl) ethenyl) -8 , 8 , 10, 12- 
tetramethyl-4 , 17-dioxabicyclo [ 14 . 1 . 0 ]heptadec-14-ene-5 , 9-dione 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,14E/Z,16S)-7,ll-Dihydroxy- 
16-ethyl-3- (l-inethyl-2- (2-Tnethyl-4-thiazolyl) ethenyl) -8 , 8 , 10 , 12- 
tetramethyl-4 , 17-dioxabicyclo [ 14 . 1 . 0]heptadec-14-ene-5 , 9-dione 

(4S,7R,8S,9S, llE/Z, 13(E or Z) , 16S(E) ) -4, 8-Dihydroxy-16- ( 1- 
methyl-2- (2-inethyl-4-thiazolyl) ethenyl) -l-oxa-13-propyl-5 ,5,7,9- 
tetramethyl-cyclohexadec-ll , 13-diene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,14E/Z,16R)-7,ll-Dihydroxy-3- 
( l-methy 1-2- ( 2 -methy 1- 4-th iazol^ll^etheny 1)^16 -propy-r^^ 
tetramethy 1-4 , 17-dioxabicyclo [ 14 . 1 . 0 ]heptadec-14-ene-5 , 9-dione 
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(1(R or S) , 3S(E) , 7S, lOR, lis, 12S, 14E/Z, 16S) -7 , ll-Dihydroxy-3 
(l-inethyl-2- (2-inethyl-4-thiazolyl) ethenyl) -16-propyl-8 , 8 , 10, 12- 
tetrainethyl-4 , 17-dioxabicyclo[ 14 . 1 . 0]heptadec-14-ene-5, 9-dione 

(4S,7R,8S,9S,13(E or Z) , 16S ( E) ) -4 , 8-Dihydroxy-16- ( 1-methyl- 
2- (2-pyridyl) ethenyl) -l-oxa-5 ,5,7,9, 13-pentainethyl-cyclohexadec- 
13-ene-2 , 6-dione 

(1(S or R) ,3S(E) ,7S,10R,llS,12S,16R)-7,ll-Dihydroxy-3-(l- 
Tnethyl-2- (2-pyridyl) ethenyl) -8 , 8 , 10 , 12 , 16-pentainethyl-4 , 17- 
dioxabicyclo [ 14 . 1 . 0]heptadecane-5 , 9-dione 

(1(R or S) , 3S(E) ,7S, lOR, lis, 12S, 16S) -7, ll-Dihydroxy-3-(l- 
methyl-2- (2-pyridyl) ethenyl) -8 , 8 , 10, 12 , 16-pentainethyl-4 , 17- 
dioxabicyclo [14.1.0] heptadecane-5 , 9-dione 

(4S,7R,8S,9S,13 (E or Z) , 16S (E) ) -4 , 8-Dihydroxy-16- ( l-methyl 
2- (4-pyridyl) ethenyl) -l-oxa-5 ,5,7,9, 13-pentamethyl-cyclohexadec 
13-ene-2 , 6-dione 

(1(S' or R) ,3S(E) , 7S , lOR , IIS , 12S , 16R) -7 , ll-Dihydroxy-3- ( 1- 
methyl-2- (4-pyridyl) ethenyl) -8 , 8 , 10 , 12 , 16-pentaxnethyl-4 , 17- 
dioxabicyclo [ 14 . 1 . 0 ] heptadecane-5 , 9-dione 

( 1 (R^or -S)-,-3S (~E)^,-7S ,XOR,aiS ,^0^2^^^ -7 , ll-Dihydroxy-3- ( 1- 
inethyl-2- (4-pyridyl) ethenyl) -8,8,10,12, 16-pentamethy 1-4 , 17- 
dioxabicyclo[ 14 . 1 . 0 ]heptadecane-5 , 9-dione 



w 
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(4S, 7R, 8S,9S, 13 (E or Z) , 16S (E) ) -4 , 8-Dihydroxy-16- ( l-methyl- 
2- (2-inethyl-4-thia2olyl) ethenyl) -5,5,7,9, 13-pentainethyl- 
cyclohexadec-13-en-6-one 

(1(S or R) , 3S(E) ,7S, lOR, lis, 12S, 16R) -7, ll-Dihydroxy-3-(l- 
methyl-2- (2-inethyl-4-thiazolyl) ethenyl) -8 , 8 , 10 , 12 , 16-pentainethyl- 
4 , 17-dioxabicyclo [ 14 . 1 • 0 ] heptadec-9-one 

(1(R or S) ,3S(E) ,7S,10R,llS,12S,16S)-7,ll-Dihydroxy-3-(l- 
Inethyl-2- (2-methyl-4-thia2olyl) ethenyl) -8 , 8 , 10 , 12 , 16-pentamethyl- 
4 , 17-dioxabicyclo [14.1,0] heptadec-9-one 

Representation of Partial Fragments A: 

It is known that the compound of the following formula 



can be used to synthesize the C1-C6 fragment (epothilone 
numbering system) of epothilone A (Schinzer et al., Chem. Eur. J. 

1996, 2, No. 11, pp. 1477-1482; Schinzer et al., Angew. Chem., 

1997, 109, No. 5, pp. 543-544). 

This way of synthesizing~has ~t he -drawback -that, at JLO ^5^% J.ts 
total yield is very low, that the necessary introduction of the 
chirality at C-atom 3 requires the synthesis of an expensive. 




chemically unstable chiral adjuvant that is to be used in 
equimolar quantities and cannot be recovered, and that at 
approximately 80% the optical induction that is achieved is 
incomplete. 

For a synthesis that can be used on an industrial scale, 
however, high yields and high optical purity are required. 

In Angew. Chem. 1997, 109, Nos. 1/2, pp. 170-172, a 
description is given by Nicolaou et al. of the synthesis of a 
(C1-C6) component with a carboxyl group at C-1 that can be used 
for the synthesis of epothilone or epothilone derivatives 



(TBS = tert-butyldimethylsilyl) . The stereochemistry at C3 is 
controlled by the reaction with the Brown reagent, 
allylisopinocamphenylborane ( + ) -IpCjB (allyl) that must be 
inserted into the reaction in an equimolar fashion and that 
cannot be recovered. 

Likewise, the use of this component to synthesize epothilone 
A and B and some epothilone analogues is described by Nicolaou et 
al. in Nature, Vol. 387, 1997, pp. 268-272, to synthesize 
epothilone A and its derivatives in J. Am. Chem. Soc. , Vol. 119, 
No.^3 4^,_^19_9J7^,_pp^ 7_960-7 97 3 ,^ and to synthesize epothilone A and B 
and some epothilone analogues in J. Am. Chem. SocT7 V^3r,~"Tl9~,~~~No r 
34, 1997, pp. 7974-7991. 




ores Q 



In Angew. Chem, 1S37, 1Q9, No. 19, pp, 2181-2187, Nicolaou 
et al. also describe the production of epothilone A analogues by 
means of combinatorial solid-phase synthesis. This same citation 
also mentions epothilone B analogues. The following compounds 
are used as C1-C6 components: 




P = TBS 



For a synthesis that can be used on an industrial scale, it 
is advantageous for the synthesis to be carried out without 
expensive chiral auxiliaries. 

The object was therefore to find an appropriate synthesis 
that provides high yields, produces the desired product at high 
optical purity, and does not require expensive chiral 
auxiliaries . 

In addition, the new synthesis should make it possible to 
vary substituents widely in this component and thus, ultimately, 
in the resulting epothilone derivatives. 

The partial fragments (synthesis components) of general 
formula A can be easily produced as starting products from 



m 
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a) a pantolactone of general formula Ila 




II a 



in which 



j^ia'^ j^ib' each case stand for a methyl group, or 

b) a malonic acid dialkyl ester of general formula XXVIII 

AlKyi-OjC COj-Alkyl XXVI 1 1 



in which 

R^^', R^^' have the meaning that is indicated in general 

formula A, and alky Is, independently of one another, 
mean a C^-C2o alkyl, Cj-C^q cycloalkyl or C^~C^q 
alkylcycloalkyl radical. 
Partial fragments A, in which R^^'=R^*''=methyl , can be 
efficiently produced from inexpensive pantolactone with an 
optical purity of >98%, 

The synthesis is described in diagram 1 below in the exampl 
of D-(-) -pantolactone. From L- (+) -pantolactone are obtained the 
corresponding enantiomeric compounds ent-A-lI to ent-A-XIV in A- 
II to A-XIV, and from racemic DL-pantolactone are obtained the 
corresponding racemic compounds rac-A-II to rac-A-XIV: 
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Diagram 1 
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A-xm 
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*: only if R^^' or R^^' in A-XIII is equal to hydrogen 



Step a (A-II =* A-III) : 

The^f ree~~hydroxy-group--of-_pant_ol^tqne J_A-II ) is protected 
according to the methods that are known to one skilled in the 
art. As protective group PG^, the protective groups that are 



known to one skilled in the art, such as, e*g,. methoxymethyl , 
methoxyethyl , ethoxyethy 1 , tetrahydropyrany 1 , tetrahydrof uranyl , 
trimethylsily 1 , triethylsilyl , tert-butyldixnethylsilyl , tert- 
butyldiphenylsilyl , tribenzylsilyl , triisopropylsilyl , benzyl, 
para-nitrobenzyl , para-methoxybenzyl , formyl, acetyl, propionyl, 
isopropionyl , pivalyl, butyryl or benzoyl radicals, are suitable. 

A survey is found in, e.g., "Protective Groups in Organic 
Synthesis" Theodora W. Green, John Wiley and Sons) . 

Preferred are those protective groups that can be cleaved 
under acidic reaction conditions, such as, e.g., methoxymethy 1 , 
tetrahydropyranyl , tetrahydrof uranyl , and trimethylsilyl 
radicals . 

Especially preferred is the tetrahydropyranyl radical. 

Step b (A-III =» A-IV) : 

Protected lactone A-III is reduced to lactol A-IV. As a 
reducing agent, aluminum hydrides that are modified in their 
reactivity, such as, e.g., diisobutylaluminum hydride, are 
suitable. The reaction is carried out in an inert solvent such 
as, e.g., toluene, preferably at low temperatures. 

Step c (A-IV A-V) : 

Lactol A-IV is opened up to form hydroxyolef in A-V while 
expanding by one C atom. For this purpose, the methods that are 
known ~to^ one—skilled in-the— art , such--as-,_e . g . _o,lef ination_ _ 
according to Tebbe, the Wittig or Wittig/Horner reaction, the 
addition of an organometallic compound with dehydration, are 



suitable. Preferred is the Wittig reaction with use of 
methyltriarylphosphonium halides such as, e.g., 

methyltriphenylphosphonium bromide with strong bases, such as, 
e.g. , n-butyllithium, potassium-tert-butanolate, sodium 
ethanolate, sodium hexamethyldisilazane; as a base, n- 
butyllithium is preferred. 

Step d (A-V =» A- VI) : 

The free hydroxy group in A-V is protected according to the 
methods that are known to one skilled in the art. As protective 
group PG^, the protective groups that are known to one skilled in 
the art, as were already mentioned above for PG^ in step a 
(A-II ### A-III), are suitable. 

Preferred are those protective groups that can be cleaved 
under the action of fluoride, such as, e.g., the trimethylsilyl , 
tert-butyldimethylsily 1 , tert-butyldipheny Isilyl , tr ibenzylsilyl , 
triisopropylsilyl radical. 

Especially preferred is the tert-butyldimethylsilyl , the 
triisopropylsilyl and the tert-butyldipheny Isilyl radical. 

Step e (A-VI A-VII) : 

Water is added to the double bond in A-VI in an anti- 
Markovnikov orientation. For this purpose, the processes that 
are known to one skilled in the art, such as, e.g., reaction with 
bor arres7 ~their~subsequent -ox-idat ion. Jto _the_ _cqrres^ponding boric 
acid esters and their saponification are suitable. As boranes, 
e.g., the borane-tetrahydrof uran complex, the borane-dimethyl 



sulfide complex, 9-borabicyclo [ 3 * 3 , 1 ] nonane in an inert solvent 
such as, for example, tetrahydrof uran or diethyl ether, are 
preferred. As oxidizing agents, preferably hydrogen peroxide is 
used; for saponification of the boron esters, preferably alkali 
hydroxides, such as, e.g., sodium hydroxide, are used. 

Step f (A- VI A- VI I) : 

Protective group PG^ that is introduced under step a) is now 
cleaved according to the processes that are known to one skilled 
in the art. If this is a protective group that can be cleaved 
acidically, then cleavage can be accomplished with dilute mineral 
acids in aqueous-alcoholic solutions and with the aid of 
catalytic quantities of acids, such as, e.g., para- 
toluenesulf onic acid, para-toluenesulf onic acid-pyridinium salt, 
camphorsulf onic acid in alcoholic solutions, preferably in 
ethanol or isopropanol . 

Step g (A-VII A-IX) : 

Common protection of the two alcohol functions of the mono- 
protected 1,3-diol in A-VII is possible under acid catalysis by 
direct ketalization with a carbonyl compound of general formula 
Ri5a_co_j^i5b reketalization with a ketal of general formulas 

R^5a.C(OC2H5)2-R^5^ Rl5a_c(oc2HJ2-R'5b^ R^^a.^ ( QCH^C ( CH3) ^CH^O) -R^^b ^ ij, 
Which in each case R^^^ and R^^b j^^^e the above-indicated meanings. 
As ac~ids,~ the -acids-a-l-ready--mentioned_under_^ are suitable; 

the use of para-toluenesulf onic acid optionally with the addition 
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of copper(II) or cobalt:(ll) salts, such as, e.g., copper(II) 
sulfate, is preferred. 

Step h (A-VIII ^ A-IX) : 

Protection of the two alcohol functions of 1,3-diol in A- 
VIII is possible under acid catalysis by direct ketalization with 
a carbonyl compound of general formula R^^^-CO-R^^^, or by 
reketalization with a ketal of general formulas R^^^-C (OC2H5) g-R^^^, 
R^5a_c(oC2H^)2-R^^^, R^5^-C(OCH2C(CH3)2CH20) -R^5b^ which in each case 

R^^® and R^^'* have the above- indicated meanings. Reketalization 
preferably with 2 , 2-dimethoxypropane is preferred. As acids, the 
acids already mentioned under step f) are suitable, and the use 
of camphorsulf onic acid is preferred. 

Step i (A-IX A-X) : 

Protective group PG^ introduced under step d) is now cleaved 
according to the process that is known to one skilled in the art. 
This is a silyl ether, thus suitable for the cleavage are the 
reaction with fluorides, such as, for example, tetrabutylammonium 
fluoride, hydrogen f luoride-pyridine complex, potassium fluoride 
or the use of dilute mineral acids, the use of catalytic 
quantities of acids, such as, e.g., para-toluenesulf onic acid, 
para-toluenesulf onic acid-pyr idinium salt, camphorsulf onic acid 
in alcoholic solutions, preferably in ethanol or isopropanol. 
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Step k (A-X A-XI) : 

The oxidation of the primary alcohol in A-X to aldehyde is 
carried out according to the methods that are known to one 
skilled in the art. For example, oxidation with pyridinium 
chlorochromate, pyridinium dichromate, chromium trioxide-pyridine 
complex, oxidation according to Swern or related methods, e.g., 
with use of oxalyl chloride in dimethyl sulfoxide, the use of 
Dess-Martin periodinane, the use of nitrogen oxides, such as, 
e.g., N-methyl-morpholino-N-oxide in the presence of suitable 
catalysts, such as, e.g., tetrapropylammonium perruthenate in 
inert solvents, can be mentioned. Preferred is the oxidation 
according to Swern, as well as with N-methyl-morpholino-N-oxide 
using tetrapropylammonium perruthenate. 

Step 1 (A-XI =» A-XII) : 

The reaction of aldehydes A-XI to alcohols of formula A-XII 
is carried out with organometallic compounds of general formula 
M-CHR22'R2b\ in which M stands for an alkali metal, preferably 
lithium or a divalent metal MX, in which X represents a halogen, 
and radicals R^^' and R^^' in each case have the above-mentioned 
meanings. As a divalent metal, magnesium and zinc are preferred; 
as halogen X, chlorine, bromine and iodine are preferred. 

Step m (A-XII -> A-XIII) : 

Oxidation of -the -secondary^_alaohQ_l_in_A^^ ketone A-XIII 

is carried out according to the conditions that are mentioned 



under step k) . Oxidation with N-Tnethyl-morpholino-N-oxide with 
use of tetrapropylammonium perruthenate is preferred. 

Step n (A-XIII =» A-XIV) : 

If R^^' in A-XIII is equal to hydrogen, the possibility 
exists of introducing for this purpose a second radical R^^' , 
which has the above-mentioned meanings, excluding hydrogen. For 
this purpose, ketone in A-XIII is introduced into the enolate 
with use of strong bases, such as, e.g., lithium 

diisopropylamide, and reacted with a compound of general formula 
X-R^^', in which X represents a halogen. As halogen X, chlorine, 
bromine and iodine are preferred. 

The previously described path can also be used to synthesize 
Cl-C6-epothilone components, which on C-1 contain a carboxylic 
acid or their esters (R^^=C02R^^*^ in A) . 
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The synthesis of component A-XXII is described in Diagram 2 
below in the example of intermediate stage A-V that is derived 
from D- (-) -pantolactone. The corresponding enantiomer compounds 
ent-A-V to ent-A-XXVII in A-V to A-XXVII are obtained from L-(+) 
pantolactone, and the corresponding racemic compounds rac-A-V to 
rac-A-XXVII are obtained from racemic DL-pantolactone : 

Diagram 2 
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step o (A-V A-XV) : 

Oxidation of the primary alcohol in A-V to aldehyde A-XV is 
carried out according to the conditions that are mentioned under 
step k) . The oxidation process according to Swern is preferred. 

Step p (A-XV =* A-XVI) : 

The reaction of aldehydes A-XV to alcohols of formula A-XVI 
is carried out with organometallic compounds of general formula 
M-CHR^^'r^'^' , in which M stands for an alkali metal, preferably 
lithium or a divalent metal MX, in which X represents a halogen, 
and radicals R^^' and R^'^' in each case have the above-mentioned 
meanings. As a divalent metal, magnesium and zinc are preferred; 
as halogen X, chlorine, bromine and iodine are preferred. 

Step q (A-XVI ^ A-XVI I) : 

Water is added to the double bond in A-XVI in an anti- 
Markovnikov orientation. For this purpose, the processes that 
are described under e) are suitable. 

Step r (A-XVII A-XVIII) : 

The free hydroxy group in A-XVII is protected according to 
the methods that are known to one skilled in the art. As 
protective group PG^, the protective groups that are known to one 
skilled in the art, as were already mentioned above for PG^ in 

~st~ep ~a~~( A-I I~'^"-A"-riI-) -r are -suit able . — 

Preferred are those protective groups that can be cleaved 
under basic or hydrogenolytic reaction conditions, such as, e.g.. 



benzyl, para-nitrobenzyl , acetyl, propionyl, butyryl, benzoyl 
radicals. Especially preferred is the benzoyl radical. 

Step s (A-XVIII A-XIX) : 

Oxidation of the secondary alcohol in A-XVII to ketone A-XIX 
is carried out according to the conditions that are mentioned 
under step k) . Preferred is oxidation with N-methyl-morpholino- 
N-oxide with use of tetrapropylammonium perruthenate • 

Step t (A-XIX A-XX) : 

Protective group PG*^ in XIX is now selectively cleaved. 
This is a hydrogenolytically cleavable protective group, thus it 
is preferably hydrogenated in the presence of palladium or 
platinum catalysts in inert solvents, such as, for example, ethyl 
acetate or ethanol* This is a basically cleavable protective 
group, thus, saponification with carbonates in alcoholic 
solution, such as, e.g. , potassium carbinonate in methanol, 
saponification with aqueous solutions of alkali hydroxides, such 
as, e.g. , lithium hydroxide or sodium hydroxide, are preferably 
used while employing organic, water-miscible solvents, such as, 
e.g., methanol, ethanol, tetrahydrof uran or dioxane. 

Step u (A-XVII A-XXI) : 

Oxidation of alcohols in A-XVII to ketoaldehyde A-XXI is 
carried ~but "according to the— conditions -that are^ment ioned^ .under 
step k) . Preferred is oxidation with N-methyl-morpholino-N-oxide 



with use of tetrapropylammonium perruthenate and the method 
according to Swern. 

Step V (A-XX =» A-XXI) : 

Oxidation of primary alcohol in A-XX to ketoaldehyde A-XXI 
is carried out according to the conditions that are mentioned 
under step k) • Preferred is oxidation with N-methyl-morpholino- 
N-oxide with use of tetrapropylammonium perruthenate. 

Step w (A-XXI =» A-XXII) : 

Oxidation of the aldehyde in A-XXI to carboxylic acid A-XXII 
(R^^^ = hydrogen) is carried out according to the methods that are 
known to one skilled in the art. For example, the oxidation 
according to Jones, oxidation with potassium permanganate, for 
example in an aqueous system that consists of tert-butanol and 
sodium dihydrogen phosphate, oxidation with sodium chlorite in 
aqueous tert-butanol optionally in the presence of a chlorine 
trap, such as, e.g., 2-methyl-2-butene , can be mentioned. 

Oxidation of the aldehyde in A-XXI to ester A-XXII, in which 
R^^^ has the above-mentioned meanings and is unequal to hydrogen, 
can be carried out, for example, with pyridinium dichromate and 
the desired alcohol HO-R^^*' in an inert solvent, such as, e.g., 
dimethy If ormamide . 

^ Step- X- -( A-V-I-I~-=> -A-XXI-I I : 

Oxidation of the primary alcohol in A-VII to aldehyde A- 
XXIII is carried out according to the conditions that are 



mentioned under step k) • Preferred is oxidation with N-methyl- 
morpholino-N-oxide with use of tetrapropylammonium perruthenate 
as well as the method according to Swern, 

Step y (A-XXIII =* A-XXIV) : 

Oxidation of aldehyde A-XXIII to carboxylic acid or its 
esters A-XXIV is carried out according to the conditions already 
described under w) . 

Step z (A-XXIV =» A-XXV) : 

Protective group PG^ introduced under step d) is cleaved as 
described under step i. 

Step aa (A-XXV ^ A-XXVI) : 

Oxidation of the primary alcohol in A-XXV to aldehyde A-XXVI 
is carried out according to the conditions that are mentioned 
under step k) • Preferred is oxidation with N-methyl-morpholino- 
N-oxide with use of tetrabutylammonium perruthenate as well as 
the method according to Swern, 

Step ab (A-XXVI A-XXVII) : 

The reaction of aldehyde A-XXVI to alcohols of formula A- 
XXVII is carried out according to the conditions that are 
mentioned under step 1) . 



step ac (A-XXVII =* A-XXII) : 

Oxidation of the secondary alcohol in A-XXVII to ketone A- 
XXII is carried out according to the conditions that are 
mentioned under step k) . Preferred is oxidation with N-methyl- 
morpholino-N-oxide with use of tetrapropylammonium perruthenate^ 

The compounds of formula A, in which R^®' and r''^' all can 
have the meanings that are indicated in general formula A can 
also be produced from inexpensive or readily available malonic 
acid dialkyl esters in an efficient way with high optical purity. 

The synthesis is described in diagram 3 below: 

Diagram 3 
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step ad (A-XXVIII A-XXIX) : 

Correspondingly substituted malonic acid ester derivatives 
A-XXVIII, which are either commercially available or can be 
produced according to the processes that are known to one skilled 
in the art from malonic acids or their alkyl esters, are reduced 
to diols A-XXIX. For this purpose, the reducing agents that are 
known to one skilled in the art, such as, e.g., 

diisobutylaluminum hydride, and complex metal hydrides, such as, 
e.g. , lithium aluminum hydride, are suitable. 

Step ae (A-XXIX =^ A-XXX) : 

A free hydroxyl group in A-XXIX is selectively protected 
according to the methods that are known to one skilled in the 
art. As protective group PG^, the protective groups that are 
known to one skilled in the art, as were already mentioned above 
for PG^ in step a (A-II ^ A-III) , are suitable. 

Preferred are silicon-containing protective groups. 

Step af (A-XXX => A-XXXI) : 

Oxidation of the remaining, primary hydroxyl group in A-XXX 
to aldehyde A-XXXI is carried out according to the conditions 
that are mentioned under step k) . 

Preferred is oxidation with N-methyl-morpholino-N-oxide with 
use of tetrapropylammonium perruthenate, the use of pyridinium 

chlorochromate , pyridinium dichr^niate as^ well" as~"the "method 

according to Swern. 



step ag (A-XXXI =* A-XXXII) : 

Aldehydes A-XXXI are reacted with an ester of acetic acid 
chG^OC (O) CHj, in which chG^ means a chiral auxiliary group, in 
terms of an aldol reaction. Compounds chG^0C(0)CH3 are used in 
optically pure form in the aldol reaction. The type of chiral 
auxiliary group determines whether the aldol reaction proceeds 
with high diastereoselectivity or yields a diastereomer mixture 
that can be separated with physical methods. A survey on 
comparable diastereoselective aldol reactions is found in Angew. 
Chem. 99 (1987), 24-37. As chiral auxiliary groups chG^-OH, for 
example, optically pure 2-phenyl-cyclohexanol , pulegol, 2- 
hydroxy-1, 2 , 2-triphenylethanol, and 8-phenylmenthol are suitable. 

Step ah (A-XXXII A-XXXIII) : 

Diastereomer-pure compounds A-XXXII can then be converted 
according to the process that is known to one skilled in the art 
by saponification of the ester unit with simultaneous release of 
reusable chiral auxiliary component chG^-OH into enantiomer-pure 
compounds of type A-XXXIII or ent-A-XXXIII . For saponification, 
carbonates in alcoholic solution, such as, e.g. , potassium 
carbonate in methanol, aqueous solutions of alkali hydroxides, 
such as, e.g., lithium hydroxide or sodium hydroxide with use of 
organic, water-miscible solvents, such as, e.g., methanol, 
ethanol, tetrahydrof uran or dioxane, are suitable. 
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Step ai (A-XXXII A-VIII): 

As an alternative to step ah, the chiral auxiliary group can 
also be removed reductively. In this way, the enantiomer-pure 
compounds of type A-VIII or ent-A-VIII are obtained. The 
reduction can be carried out according to the processes that are 
known to one skilled in the art. As a reducing agent, e.g., 
diisobutylaluminum hydride and complex metal hydrides, such as, 
e.g. , lithium aluminum hydride, are suitable. 

Compounds A-VIII or ent-A-VIII can be converted as 
previously described into compounds of type A-XIII or ent-A-XIII. 
Correspondingly, compounds of type A-XXXIII or ent-A-XXXIII can 
be converted into compounds of type A-XXII or ent-A-XXII 
according to the processes described above. 

As an alternative to the above-described method, the 
sequence can also be carried out without using chiral auxiliary 
group chG\ In this way, racemic mixtures of compounds of type 
rac-A-VIII or rac-A-XXXIII are then obtained via the 
corresponding, racemic precursors. These mixtures can in turn be 
separated according to the processes for racemate cleavage, e.g., 
chromatography on chiral columns, known to one skilled in the 
art. The continuation of synthesis can also be carried out with 
racemic mixtures, however. 

This invention thus also relates to a process for the 
production of the compounds of general formula A, which is 
chaFacteri"2ed~"ih that 

a) a pantolactone of general formula Ila or 

b) a malonic acid dialkyl ester of general formula XXVIII 
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is used as a starting product. 

In addition, this invention thus relates to the new C1-C6- 
epothilone components of general formula A' 



r3 o 



in which 

r2 means CH^R^^ , CHO, C02R^'^, COX, 

j^2a^ j^2b mean hydrogen, ^^~^2Q ^i^yl/ ^^yl/ ^7*^20 ai^alkyl, 
R^ means hydrogen, OR^^, X, 0S02R^'^, 

R^^ means hydrogen or together with R^^ a -(CHg)^ group or a 

R^'^ means C^-C^ alkyl, aryl, 
X means halogen, 
n means 2 to 4 , 

j^6a^ j^6b t.he. same or different and mean C^-Cg alkyl, C^-C^q 

aryl or together a ^ (<^^2^ o 9^o^P/ 
o means 3 to 6, 

R^^ additionally can assume the meaning of hydrogen, 

R^^, R^'^ are the same or different and mean hydrogen, C^-C^q 

alkyl, C^-CjQ aralkyl or together a -(CHg)^, group, 
m means 2 to 5 , 

j^5a ^ R5'^~^^~the~same~or "diff erent— and -me -C^-C-,q_^_ 

alkyl, C^-CjQ aralkyl or together a ~(CH2)p group, 
p means 2 to 5 , 



R^^ means hydrogen, 

including all stereoisomers and mixtures thereof, 

and 

free hydroxyl groups can be etherified or esterified in 
and R^, free carbonyl groups can be ketalized in A and R^, 
converted into an enol ether or reduced, and free acid groups in 
A can be converted into their salts with bases, 
excluding the compounds 




P = TBS 

It has also been found that synthesis components of general 
formula A" 



>s .i RSa i, 



3 R' 

R^___Q_ 



in which 



means OR^° and 



R^^ means hydrogen or a protective group PG 

R^^, j^4b ^j.^ ^j^^ same or different and mean hydrogen, 

C^-C^p-alkyl, C7-C2Q-aralkyl , or together a -(CHg)^ group, 
m means 2-5, 

R^^, R^^ are the same or different and mean hydrogen, 
C^-C^Q-alkyl, C^-CgQ-aralkyl, or together a -(CH2)p 
group , 
p means 2-5 , 
including all stereoisomers and mixtures thereof, 
and 

free carbonyl groups can be ketalized in I, 

can be produced readily by reaction of a compound of general 
formula II 

9 o 

Oi' 3N 

II 

in which 

X is a chlorine or bromine atom, and the 2-oxaz6lidinone 
ring has either a (4R,5S) or a (4S,5R) conformation, 
with a compound of general formula III 



R""^ R^" " H 

III 

X • R* 

o o 



in which 

R^^, l^4b ^j.^ ^Yi^ same or different and mean hydrogen, 

^i~^io"^^^yl' C^-CgQ-aralkyl, or together a -(CH2)^ group, 
m means 2-5, 

R^®, R^^ are the same or different and mean hydrogen, 

^i"^io"^l^yl' C^-C2o-aralkyl, or together a -(CH2)p group, 
p means 2-5, 
into a compound of general formula IV 

O O 
O N 



OH O 

H 



pj4a pj4b p5b 



IV 



in which 

the 2-oxazolidinone ring (4R,5S) and the 3 '-carbon atom have 
an R conformation, or 

the 2-oxa2olidinone ring (4S,5R) and the 3 '-carbon atom have 
an S conformation, 

as well as after the 3 '-hydroxy group in IV is protected by a 
protective group PG, by cleaving the oxazolidinone radical and 
optionally cleaving protective group PG. 

The reaction of a compound of general formula II with a 
compound of general formula III is accomplished after the 
compound of general formula II is converted into a metallenolate 

by^insertion^^f ~a~^meta r ~^^ ^into" the -carbon-halogen 

bond of the compound of general formula II. 



The metals or metai salts that are used generally include 
all metals or metal salts that are known to one skilled in the 
art that are suitable for a Reformatzky reaction (see, e.g., A. 
Furstner, Synthesis 1989, pp. 571-590). 

According to the invention, chromium (II) chloride is 
preferably used. 

Upon cleavage, the oxazolidinone ring is recovered from the 
compounds of general formula IV almost quantitatively and without 
loss of optical activity. 

Alkyl groups R^^^, R^'^, R^^, and R^^ are straight-chain or 
branched-chain alkyl groups with 1 to a maximum of 10 carbon 
atoms, such as, for example methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert-butyl, pentyl, isopentyl, neopentyl, 
heptyl, hexyl, and decyl. 

Alkyl groups R^% R^*^, R^^ and R^^ may be perf luorinated or 
substituted by 1-5 halogen atoms, hydroxy groups, C^-C^ alkoxy 
groups, and C^-C^^ aryl groups (which can be substituted by 1-3 
halogen atoms) . 

The aralkyl groups in r'^% R^^, r^^ and R^^ can contain up to 
14 C atoms, preferably 6-10, in the ring and 1-8, preferably 1-4 
atoms in the alkyl chain. The aralkyl radicals that can be 
considered include, for example, benzyl, phenylethyl, 
naphthylmethyl, naphthylethyl , furylmethyl, thienylethyl , and 
pyridylpropyl. The rings can be substituted in one to three 

placla's "by-halogen ,- OH-,- O-ad-kyl^-NHjT-CO^H-^ 

-CN, C^-CgQ-alkyl , C^-C^Q-acyl, and C^-CgQ-acy loxy groups. 



Protective groups PG that can be considered include all 
radicals that are known to one skilled in the art as such 
protective groups. Preference is given in this case to silyl- 
containing protective groups, such as, for example the 
trimethylsilyl , triethylsilyl , tert-butyldimethylsily 1 , 
tert-butyldiphenylsilyl, tribenzylsilyl , and triisopropylsilyl 
radicals . 

A summary of protective groups is given in, e.g., 
"Protective Groups in Organic Synthesis" by Theodora W. Green, 
John Wiley and Sons) • 

Halogen means fluorine, chlorine, bromine, and iodine. 

The compounds of general formula II that are required for 
the process according to the invention can be obtained by 
acetylation of (4R,5S)- or (4S, 5R) -4-methyl-5-phenyl-2- 
oxazolidinone with bromine or chlorine- acetyl chloride in the 
presence of a strong base, such as, for example n-butyllithium. 

The stereochemistry of the hydroxy group in position 3 is 
controlled later by the selection of the chiral auxiliary. 

The compounds of general formula III that are required for 
the process according to the invention can be obtained 
commercially or can easily be manufactured. 

To the extent that the compounds of general formula III are 
not available commercially, they can be manufactured using, for 
example, the methods that are indicated in Figures 1 and 2. 
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Figure 1, The starting material is (substituted) Tnalonic ester. 
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[KEY to Fig. i:] 

siehe FuBnote = see footnote 
partieller Schutz = partial protection 
Oxidation = oxidation 
Oder = or 

ggf. Einfiihrung von R^^ = optionally, introduction of R^^ 
Schutzgruppenabspaltung = protective group cleavage 
PG=Schut2gruppe = protective group 



1) In this regard see starting product C, in which R^^+R^^ = 
trimethylene 

2) These 1 , 3-propanediols are available commercially to some 
extent and can then be incorporated into the synthesis at this 
point. 



Figur 2 
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[KEY to Fig. 2] 

siehe FuBnote = see footnote 

ggf. Einfuhrung von R^^ = optionally, introduction of r' 



1) These starting compounds are available coitimercially or 
can be obtained according to* the methods that are known to one 
skilled in the art* 

2 ) Secondary amine-: - pr e f er ab ly_ p iper id.ijie _c)r^ jnorpho 1 ine or 
and R^ mean, independently of one another, a straight-chain or 

branched C^-C^ alkyl group. 
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By analogy with previously described methods, for instance 
those cited on page 2 of this application (Schinzer et al. , Chem, 
Eur. J. 1996, 2, No. 11, pp. 1477-1482; Angew. Chem. , 1997, 109, 
No. 5, pp. 543-544; Nicolaou et al.; Angew. Chem. 1997, 109, Nos. 
1/2, pp. 170-172; Nature, Vol. 387, 1997, pp. 268-272; J. Am. 
Chem. Soc, Vol. 119, No. 34, 1997, pp. 7960-7973; J. Am. Chem. 
Soc, Vol. 119, No. 34, 1997, pp. 7974-7991; Angew. Chem. 1997, 
109, No. 19, pp. 2181-2187) , the components of general formula I 
that are produced according to this invention can be used for the 
synthesis of epothilone A and B, as well as in the C^-C^ section 
of the epothilone framework that corresponds to modified 
epothi lone derivatives . 

The variability of the substituents that was required at the 
beginning of this document is thus achieved with the compounds of 
general formula I. 

A major advantage of the process according to the invention 
also lies in the fact that the chiral auxiliary (4R,5S)- or 
(4S, 5R) -4-methyl-5-phenyl-2-oxazolidinone that is used is easy to 
recover after it is cleaved from the protective compound of 
general formula IV and can be reinserted into the synthesis 
process without loss of optical induction. 

The components that are obtained in these ways, as well as 
their enantiomers or mixtures of these enantiomers, are suitable 
for aldo-condensation with an epothilone component that at C-7 
~(-epothi-lone-numbering-system)_c.arries_ aL_carbonyl function, as is 
the case with the above-mentioned total syntheses of epothilone A 
and epothilone B. 
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Components A, their enantiomers or mixtures of these 
enantiomers are also suitable for esterif ication with an 
epothilone component which at C-15 (epothilone numbering system) 
carries a hydroxy function, as is the case with the 
above-mentioned total syntheses of epothilone A and epothilone B. 



Representation of Partial Fragments B: 

Diagram 4 
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Step a (B-II B-III) : 

A hydroxyl group in B-II is protected according to the 
methods that are known to one skilled in the art. As protective 
group PG®, the protective groups that are known to one skilled in 
the art, as were already mentioned above for PG^ in step a (A-II 
### A-III) , are suitable. 

Preferred are silicon-containing protective groups, which 
can be cleaved under acid reaction conditions or use of fluoride, 
such as, e.g., trimethylsilyl , triethylsilyl , tert- 
butyldimethylsilyl, tert-butyldiphenylsilyl , tribenzylsilyl and 
triisopropylsilyl radicals. 

Especially preferred is the tert-butyldimethylsilyl radical. 

Step b (B-III B-IV) : 

The free hydroxyl group in B-III is converted into a leaving 
group LG according to the methods that are known to one skilled 
in the art. As leaving group LG, for example, halogens such as, 
e.g., bromine or iodine or alkyl- or aryl sulfonates, which are 
produced from the corresponding sulfonic acid halides or sulfonic 
acid anhydrides according to the methods that are known to one 
skilled in the art, are suitable. 

As leaving group LG, the trif luoromethanesulf onate is 
preferred. 

"Step" c (B-IV ^-B-VIT)-: 

Compound B-IV is alkylated with the enolate of a carbonyl 
compound of general formula B-V, in which chG^ can be a single 



alkoxy group or else a chiral auxiliary group according to the 
methods that are known to one skilled in the art. The enolate is 
produced by action of stronger bases, such as, e.g., lithium 
diisopropylamide , lithium hexamethyldisilazane at low 
temperatures. As chiral auxiliary group chG^-H (B-VI) , chiral 
alcohols that can be produced in an optically pure and 
inexpensive manner, such as, e.g., pulegol, 2-phenylcyclohexanol , 
2-hydroxy-l , 2 , 2-tr iphenylethanol , 8-phenylmenthol or compounds 
that contain reactive NH-groups that can be produced in an 
optically pure and inexpensive manner, such as, e.g., amines, 
amino acids, lactams or oxazolidinones , are suitable. Preferred 
are oxazolidinones; especially preferred are the compounds of 
formulas B-VIa to B-VId. The absolute stereochemistry on the a- 
carbonylcarbon of the compound of general formula B-VII is set by 
the selection of the respective antipodes. In this way, the 
compounds of general formulas B-VII to B-XVII or their respective 
enantiomers ent-B-VII to ent-B-XVII can be obtained in an 
enantiomer-pure manner. If an achiral alcohol, such as, e.g., 
ethanol, is used as chG^-H (B-VI) , the racemic compounds rac-B- 
VII to rac-B-XVII are obtained. 

Step d (B-VII ^ B-VIII) : 

If group chG^ represents one of the chiral auxiliary groups 
that are mentioned under step c, the latter is recovered by 
r eester if ica t ion of — B-VH— in- an -a lkyl_es t er _Qf ^gjener^l^ ^o^raula_B- 
VIII. The reester if ication is carried out according to the 
methods that are known to one skilled in the art. Preferred is 
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reesterif ication with siniple alcohols, such as, e,g. , methanol or 
ethanol in the presence of corresponding titanium (IV) 
alcoholates. 

Step e (B-VIII B-IX) : 

The ester in B-VIII is reduced to alcohol B-IX. As a 
reducing agent, the reducing agents that are known to one skilled 
in the art, such as, e.g., aluminum hydrides, such as, e.g., 
lithium aluminum hydride or diisobutylaluminum hydride, are 
suitable. The reaction is carried out in an inert solvent, such 
as, e.g., diethyl ether, tetrahydrofuran, toluene. 

Step e' (B-VII => B-IX) : 

As an alternative to steps d) and e) , the carbonyl group in 
B-VII can be reduced immediately to the alcohols of general 
formula B-IX according to the conditions that are mentioned under 
step e) . Here, the chiral auxiliary component chG^-H can also be 
recovered . 

Step f (B-IX B-X) : 

The free hydroxyl group in B-IX is protected according to 
the methods that are known to one skilled in the art. As 
protective group PG^, the protective groups that are known to one 
skilled in the art, as were already mentioned above for PG^ in 
step- a- ( A-II— ### -A- I-I-I-)-7- -are suitable ^ 

Preferred are those protective groups that can be cleaved 
under acidic reaction conditions, such as, e.g., the 
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methoxymethyl , tetrahydropyrany 1 , tetrahydrof uranyl , and 
trimethylsilyl radical. 

Especially preferred is the tetrahydropyranyl radical. 

Step g (B-X =» B-XI) : 

Protective group PG®, which is introduced under step a) , is 
now cleaved according to the processes that are known to one 
skilled in the art. If this is a silyl ether, then the reaction 
with fluorides, such as, for example, tetrabutylammonium 
fluoride, the hydrogen f luoride-pyridine complex, potassium 
fluoride or the use of dilute mineral acids, the use of catalytic 
quantities of acids, such as, e.g., para-toluenesulf onic acid, 
para-toluenesulf onic acid-pyridinium salt, camphorsulf onic acid 
in alcoholic solutions, preferably in ethanol or isopropanol, are 
suitable for the cleavage. 

Step h (B-XI =» B-XII): 

Oxidation of the primary alcohol in B-XI to the aldehyde of 
general formula B-XII is carried out according to the processes 
that are known to one skilled in the art. For example, oxidation 
with pyridinium chlorochromate , pyridinium dichromate, chromium 
trioxide-pyridine complex, oxidation according to Swern or 
related methods, e.g., with use of oxalyl chloride in dimethyl 
sulfoxide, the use of Dess-Martin periodinane, the use of 
-nitrogen -oxides , -such-as , --e . g . _,_ N-methyl-mprpj^^^ in 
the presence of suitable catalysts, such as, e.g., 
tetrapropylammonium perruthenate in inert solvents, can be 
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mentioned. Preferred is the oxidation according to Swern, as 
well as with N-methyl-morpholino-N-oxide with use of 
tetrapropy lammonium perruthenate • 

Step i (B-XII =^ B-XIII) : 

The reaction of aldehyde B-XII to alcohols of general 
formula B-XIII is carried out according to the methods that are 
known to one skilled in the art with organometallic compounds of 
general formula M-R^' , in which M stands for an alkali metal, 
preferably lithium or a divalent metal MX, in which X represents 
a halogen and radical R^' has the above-mentioned meaning. As a 
divaLent metal, magnesium and zinc are preferred; as halogen X, 
chlorine, bromine and iodine are preferred. 

Step k (B-XIII =» B-XIV) : 

Oxidation of alcohol B-XIII to the ketone of general formula 
B-XIV is carried out according to the processes that are 
mentioned under h) . Preferred is oxidation with N-methyl- 
morpholino-N-oxide with use of tetrapropylammonium perruthenate. 

Step 1 (B-XIII B-XV) : 

The hydroxyl group in B-XIII can be provided according to 
the processes that are mentioned under a) with a protective group 
PG''^. Preferred are silicon-containing protective groups, which 
—can -be-cl-eaved- under - acidic-react ion .conditions or use^_of 
fluoride, such as, e.g., the tr imethylsilyl , triethylsilyl , tert- 
butyldimethylsilyl, tert-butyldiphenylsily 1 , tr ibenzy Isilyl , 



triisopropylsilyl radical. Especially preferred is the tert- 
butyldiphenylsilyl radical . 



Step m (B-XV B-XVI) : 

Protective group PG^, which is introduced under step f ) , is 
cleaved according to the processes that are described under step 
g) • 

Step n (B-XVI =^ B-XVII) : 

Oxidation of alcohol B-XVI to the aldehyde of general 
formula B-XVII is carried out according to the processes that are 
mentioned under h) . Preferred is oxidation according to Swern. 

As an alternative, the compounds of general formula B-XIII 
can be produced with the method that is described in Diagram 5. 

Diagram 5 



R4a' 

R4b>-^^OAIkyl 
O 

B-XVI 1 1 




B-XX 



B-XXI 



R5'— CHO 

B-XXII 



B-XIII 



B-XXI 
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Step o (B-XVIII ^ B-XIX) : 

Starting from ethyl acetate derivatives, which can be 
obtained inexpensively, of general formula B-XVIII, in which R^^' 
and R^^' have the above-mentioned meanings, the ester enolate is 
produced by action of strong bases, such as, e.g., lithium 
diisopropylamide, lithium hexamethyldisilazane at low 
temperatures and reacted with 3 -halogen- 1-propine, preferably 3- 
bromo-l-propine to compounds of general formula B-XIX. 

Step p (B-XIX =* B-XX) : 

The reduction of ester B-XIX to alcohol B-XX is carried out 
according to the methods that are described under step e) , 
preferably with use of diisobutylaluminum hydride. 

Step q (B-XX =» B-XXI) : 

The hydroxyl group in B-XX can be provided according to the 
conditions that are mentioned under a) with a protective group 
PG^\ Preferred are silicon-containing protective groups, which 
can be cleaved under acidic reaction conditions or use of 
fluoride, such as, e.g., the trimethylsilyl , triethylsilyl , tert- 
butyldimethylsilyl , tert-butyldipheny Isilyl , tribenzylsily 1- 
triisopropylsilyl radical. Especially preferred is the tert- 
butyldimethylsilyl radical - 

"S~tep "iT lB-XXr^^B-XIir)-:- 

Acetylene B-XXI can be deprotonated according to the 
processes that are known to one skilled in the art, and the 



acetyl ide that is obtained can be reacted with carbonyl coxapounds 



of general formula B-XXII, in which R^' has the above-mentioned 
meaning, to an alcohol of general formula XIII. For 
deprotonation, alkyl alkali compounds, such as, e.g., 
butyllithium or other strong bases, such as, e.g., alkali 
hexamethyldisilazane or lithium diisopropylamide , are suitable. 
Preferred is n-butyllithium. 

In the process that is described in Diagram 5, first the 
racemic compounds rac-B-XIII are obtained. Optionally, steps 
rac-B-XIX or rac-B-XX that are passed through according to 
Diagram 6 offer the possibility for chemical racemate cleavage 
and thus also access to enantiomer-pure compounds B-XX or ent-B- 
XX, if R^^' is not identical to R^^^' . 



Diagram 6 



rac-B-XIX 



s 




OchG^ 



> B-XX + ent-B-XX 



B-XIXa 



rac-B-XX 



u 




R4a'pj4b' 



chG"* 



o 



V 



B-XX + ent-B-XX 



B-XXa 
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Step s (rac-B-XIX ^ B-XIXa) ; 

Racemic compound rac-B-XIX can be reesterif ied with a chiral 
alcohol chG^-OH that can be obtained in an optically pure manner 
according to the methods that are known to one skilled in the 
art, for example the process that is mentioned under step d) , to 
a mixture of diastereomer ic ester B-XIXa and separated with 
simple, chromatographic methods. As chiral alcohols, for 
example, pulegol , 2-phenylcyclohexanol , 2-hydroxy-l , 2 , 2- 
triphenylethanol, 8-phenylmethanol are suitable. 

Step t (B-XIXa =^ B-XX and ent-B-XX) : 

Diastereomer-pure esters B-XIXa can be reduced in each case 
to alcohols B-XX or ent-B-XX according to the process that is 
described under step e, whereby auxiliary component chG^-OH that 
is described under step s can be recovered. 

Step u (rac-B-XX =^ B-XXa) : 

Racemic compound rac-B-XX can be reacted with a chiral acid 
chG^-COgH that can be obtained in an optically pure manner, its 
esters, anhydride or acid halide, according to the methods that 
are known to one skilled in the art, to a mixture of the 
diastereomer ester XXa and separated with simple chromatographic 
methods* As chiral acids, for example, malic acid, tartaric acid 
or their derivatives are suitable. 



step V (B-XXa =» B-XX and ent-B-XX) : 

Diastereomer-pure esters B-XXa can be reduced in each case 
to alcohols B-XX or ent-B-XX according to the process that is 
described under step e, or saponified according to the methods 
that are known to one skilled in the art, whereby in the last- 
mentioned case, auxiliary component chG^-COjH that is described 
under step u can be recovered. 

Representation of Partial Fragments C: 

It is known that the compound of formula 



(TBDMS stands for a tert-buty Idimethylsily 1 radical) can be used 
for the synthesis of the C13-C16 fragment (epothilone numbering 
system) of epothilone A (Schinzer et al. Chem. Eur. J, 1996, 2, 
No, 1, 1477-1482). The synthesis that is described by Schinzer 
et al. introduces the required chirality via a kinetic racemate 
cleavage according to Sharpless. A necessary chromatographic 
separation, an inadequate enantiomer excess (80%) and a small 
overall yield disqualify this method for an industrial synthesis, 
which requires high yields and high optical purity of the 
synthesis products . 

It is further known that the above-mentioned synthesis 



O 




i3^0TBDMS 



OBenzyl 



component can be converted with the phosphonate of formula 




by Wittig reaction into a compound of formula 




OTBDMS 



OBenzyl 

which can then be used for the introduction of the C13-C20 
fragment for epothilone synthesis. 

Partial fragments of formula C can be produced from malic 
acid, which can be obtained in an inexpensive, reasonably-priced 
manner, in an efficient way with high optical purity {> 99.5%). 

The synthesis is described in Diagram 7 below in the example 
of L-(-)-malic acid (C-I) • Starting from D(+)-malic acid (ent-C- 
I) , the corresponding enantiomeric compounds (ent-C-II to ent-C- 
XI) are obtained, and starting from racemic malic acid (rac-C-I) , 
the corresponding racemic compounds (rac-C-II to rac-C-XI) are 
obtained) . 



Diagram 7 



OH 
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JL^COOH 
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HO 



HO 
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U' 



.OH 



OPG 

C-VIII 



OPG 

C-IX 



.Hal 



.P>h3Har 



OPG' 
C-X 



OPG 
C-XI 



step a (malic acid C-I =» C-II) : 

^L- ( - )— Ma-1 ic- acid- -i-s-conver-t ed -into_hydr oxylac tone_C>:I I 

according to a process that is known in the literature (Liebigs 
Ann. Chem. 1993, 1273-1278). 



step b (C-II -=» C-III): 

The free hydroxy group in compound C-II is protected 
according to the methods that are known to one skilled in the 
art. As protective group PG^^ , the protective groups that are 
known to one skilled in the art, as were already mentioned above 
for Pg"^ in step a (A-II ### A-III) , are suitable. 

Preferred are those protective groups that can be cleaved 
under the action of fluoride, but are stable under weakly acid 
reaction conditions, such as, e.g., the tert-butyldiphenylsilyl , 
tert-butyldimethylsilyl or triisopropylsilyl radical. 

Especially preferred are the tert-butyldiphenylsilyl radical 
and the tert-butyldimethylsilyl radical. 

Step c (C-III C-IV) : 

Lactone C-III is reduced to lactol C-IV according to the 
methods that are known to one skilled in the art. As reducing 
agents, aluminum hydrides that are modified in their reactivity, 
such as, e.g., diisobutylaluminum hydride, are suitable. The 
reaction is carried out in an inert solvent, such as, e.g., 
toluene, preferably at low temperatures (-2 0 to -100°C) . 

Step d (C-IV =» C-V) : 

The reaction of lactol C-IV to compounds of formula C-V is 
carried out with organometallic compounds of general formula M- 

3'- • 

^ r~in-which M" stands f or an-alkali- meta-l-r-pref erably -lithium, 

or a divalent metal MX, in which X represents a halogen, and R^' 
has the above-mentioned meanings. As a divalent metal, magnesium 



and zinc are preferred, and as halogen X, chlorine, bromine and 
iodine are preferred. 

Step e (C-V C-VI) : 

The primary hydroxyl group in compound C-V is protected in a 
selective manner relative to the secondary hydroxyl group 
according to the methods that are known to one skilled in the 
art. 

The secondary hydroxy group is optionally then protected 
also according to the methods that are familiar to one skilled in 
the art • 

As protective groups PG^^ and PG^^", the protective groups 
that are known to one skilled in the art, as were already 
mentioned above for PG^ in step a (A-II ### A-III) , are suitable. 

Preferred are those protective groups that can be cleaved 
under weakly acidic reaction conditions in a selective manner in 
the presence of protective group PGIO, which is introduced from 
component A into the synthesis of the compounds of general 
formula I, such as, e.g., the trimethylsilyl , triethylsilyl , 
tert-butyldimethylsilyl radical. 

Especially preferred is the tert-butyldimethylsilyl radical. 

Step f (C-VI =» C-VII) : 

Oxidation of the secondary alcohol in C-VI to ketone C-VII 
is carried out according to the methods that are known to one 
skilled in the art. For example, oxidation with pyridinium ~ 
chlorochromate, pyridinium dichromate, chromium trioxide-pyridine 




complex, oxidation according to Swern or related methods, e.g., 
with use of oxalyl chloride in dimethyl sulfoxide, the use of 
Dess-Martin periodinane, the use of nitrogen oxides, such as, 
e.g., N-methyl-morpholino-N-oxide in the presence of suitable 
catalysts, such as, e.g., tetrapropylammonium perruthenate in 
inert solvents, can be mentioned. Preferred is oxidation 
according to Swern. 

Step g (C-VII =* C-VIII): 

For compounds in which U is equal to CRlO'Rll', this 
grouping is established according to the processes that are known 
to one skilled in the art. For this purpose, methods such as, 
e.g., the Wittig or Wittig/Horner reaction, the addition of an 
organometallic compound MCHRlO^Rll' with dehydration, are 
suitable. Preferred is the Wittig and Wittig/Horner reaction 
with use of phosphonium halides of type CRlO'Rll'P (Ph) 3*Hal' or 
phosphonates of type CRIO ' Rll ' P (O) (Oalkyl) 2 with Ph equal to 
phenyl, RIO', Rll' and halogen in the already mentioned 
conditions with strong bases, such as, e.g., n-butyllithium, 
potassium-tert-butanolate , sodium ethanolate , sodium 
hexamethyldisilazane; n-butyllithium is preferred as a base. 

For compounds in which U represents two alkoxy groups OR^^ 
or a C2-C,Q alkylene-a,&)-dioxy group, the ketone is ketalized 
under acid catalysis according to the methods that are known to 
one skilled in the art, for example, with use of an alcohol HOR^ 
or a C2-C-,Q alkylene-a , ?l)-diol , 




step h (C-VIII ^ C-IX) : 



Protective group PG^^ that is introduced under e is now 
selectively cleaved in the presence of PG^^ according to the 
processes that are known to one skilled in the art. If this a 
protective group that can be cleaved acidically, then cleavage is 
carried out preferably under weakly acidic conditions, such as, 
e.g., by reaction with dilute organic acids in inert solvent. 
Preferred is acetic acid. 



Step i (C-IX ^ C-X) : 

The free primary hydroxyl group is optionally converted into 
a halide according to the processes that are known to one skilled 
in the art. Preferred halides are chlorine, but especially 
bromine and iodine. The substitution of the hydroxyl group for a 
bromine can be carried out using, e.g., triphenylphosphine/ 
tetrabromomethane, but also according to any other process that 
is known to one skilled in the art. The establishment of an 
iodine atom can be done from the bromide by substitution, e.g., 
.according to Finkelstein with sodium iodide in acetone. Direct 
conversion of the hydroxyl group into iodide is also possible, 
e.g., with use of elementary iodine, imidazole and 
triphenylphosphine in dichloromethane . 

If U ultimately is to stand for H/OR^ with in the meaning 
of a hydrogen atom, the conversion of the primary hydroxy group 
into a halogen atom is performed in the stage of compound C-VI' 
according to selective reaction of the primary hydroxy^rbup^ 




step k (C-X C-XI) : 



If the linkage of the C13-C16 unit with the 12-position of 
the epothilone radical or of the epothilone fragments, e.g., a 
C7-C12 unit, is to be carried out by Wittig reaction, as 
described in, e.g.. Nature Vol. 387, 268-272 (1997), the 
triphenyl-phosphonium-halides (R^^ = P (Ph) j^Hal ) , alkyl or aryl 
phosphonates (R^^ = P(0)(0Q)2) or phosphine oxides (R^^ = P(0)Ph2) 
of type C-XI are produced starting from halides C-X according to 
the processes that are known to one skilled in the art. In this 
case, Ph means phenyl; Hal stands for F, CI, Br or I, and Q is a 
C-,-C^Q alkyl or phenyl radical. 

For the production of phosphonium salts, e.g., the reaction 
of the corresponding halides with triphenylphosphine in solvents 
such as toluene or benzene is suitable. 

The production of phosphonates can be carried but, .e.g., by 
reaction of halides C-X with a metallized dialkylphosphite. The 
metallization is usually carried out with strong bases, such as, 
e.g. , butyl lithium. 

The production of the phosphine oxides can be carried out, 
e.g., by reaction of halides C-X with metallized 

diphenylphosphirie and subsequent oxidation. For metallization, 
strong bases such as butyllithium are also suitable. The 
subsequent oxidation to phosphine oxide can then be carried but 
with, e.g., dilute aqueous hydrogen peroxide solution. 

It has been found that, surprisingly enough, compounds of 
formula C can be produced from enantiomer-pure malic acid, which 
can be obtained in an inexpensive, reasonably-priced manner, in 



an efficient way with high optical purity (>99»5%), although 
basically the possibility for complete or partial racemization 
would exist in the described process according to the invention. 

As mentioned above, the known process supplies those 
compounds in which is a methyl group, is a tert- 
butyldimethylsilyl or benzyl radical, R^ is an O-tert- 
butyldimethylsilyl radical and X is an oxygen atom or a (2- 
methylthiazol-4-yl) methylene radical, only in an optical purity 
of about 80%. 

In addition, the chemical yields of the process according to 
the invention are considerably higher than the yields that are 
indicated in the processes that are described by Schinzer et al. 
For example, the yield of (3S) -5- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy]-3-[ [ (1,1- 

dimethylethyl) diphenylsilyl ] oxy ] -2-pentanone, produced according 
to the process of the invention and starting from L-(-) -malic 
acid with 26.5% is almost twice as high as the yield that is 
indicated by Schinzer et al . in the production of (3S) -3- 
benzyloxy-5- [ [ dimethyl { 1 , 1-dimethylethyl) silyl ] oxy] -2-pentanone 
(14.35%; Chem. Eur. J. 1996, 2, No. 11, 1477-1482) or achieved in 
the production of (3S) -3- [[dimethyl (1, 1-dimethylethyl) silyl]oxy] - 
5-[ [dimethyl (1, 1-dimethylethyl) silyl ] oxy ] -2-pentanone (20. 58%; 
Angew. Chem. 1997, 109, No. 5, 543-544). 

This comparison is based on the yields that are indicated in 
the above-mentioned bibliographic references, whereby — as 
already mentioned above — it is to be taken into consideration^" 
that the compounds that are obtained according to the known 
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processes do not accumulate in an enantioiner-pure manner, such 
that the actual yield of the enantiomer-pure compound i question 
is lower, and an additional purification step in this or a later 
process stage is necessary for obtaining an enantiomer-pure 
compound . 

Moreover, the process according to the invention makes 
possible a very wide variation of substituents in this C13-C16 
component • 

This invention thus relates to a process for the production 
of the compounds of general formula C , which is characterized in 
that L-(-) -malic acid, D{+) -malic acid or racemic malic acid is 
used as a starting product. 

Optically pure D-(+)- or L-(-) -malic acid is preferably 

used. 

The invention also relates to the intermediate compounds of 
general formulas V, VI and VI ^ (combined below as VI") that occur 
in the process 

dPG' VI" 

in which 

R** , PG^ and have the meaning that is indicated in general 
formula C and 

PG^*" stands for a hydrogen atom or a protective group PG^. 

Th^se compcDim^ ar e p roduced according to the invention in 

that an organometal compound of general formula 

R^Y 
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in which 

has the meaning that is indicated in general 
formula C , and 
Y stands for an alkali metal atom or MZ, whereby M 
is a divalent metal atom and Z is a halogen atom, 
is added to a compound of general Formula IV 



PG^ 

in which 

PG^ has the meaning that is indicated in general Formula C, 
while the lactol ring is opened. 

Lithium is preferred as an alkali atom. 

In the case of MZ, magnesium and zinc are preferred for the 
divalent metal atom; as a halogen atom, primarily chlorine, 
bromine and iodine are considered. 

In addition, this invention relates to the new C13-C16 
epothilone components of general formula C 



C, 

X ^ 

in which 

R^ means hydrogen, C^-Cjq alkyl, aryl, C^-Cjq aralkyl, which 
can all be substituted, 
R^ means hydrogen or a protective group PG\ 




R^ means a hydroxy group, halogen, a protected hydroxy 

group OPG^, a phosphonium halide radical PPh *Hal' (Ph = 



70 



phenyl; Hal = F, CI, Br, I) , a phosphonate radical 
P(0)(0Q)2 (Q=C^-C^Q alkyl or phenyl) or a phosphine 
oxide radical P(0)Ph2 (Ph = phenyl), 
X means an oxygen atom, two alkoxy groups OR^, a C^-C^q 

alkylene-a, S)-dioxy group, which can be straight-chain 

or branched, H/OR^ or a grouping CR^R^, 

whereby 

R^ stands for a C^-Cjq alkyl radical, 

R^ stands for hydrogen or a protective group PG^, 

R^, R*^ are the same or different and stand for 

hydrogen, a C^-Cjq alkyl, aryl, C^-CgQ aralkyl 
radical or R^ and R^ together with the methylene 
carbon atom together stand for a 5- to 7-membered 
carbocyclic ring, 
whereby not simultaneously 

R^ can be a methyl group, R^ can be a tert- 

butyldimethylsilyl or benzyl radical, R-^ can be an 
O-tert-butyldimethylsilyl radical and X can be a 
(2-methylthiazol-4-yl)methylene radical or R^ can 
be a methyl group, R^ can be a tert- 
butyldimethylsilyl radical, R^ can be a 
triphenylphosphonium iodide radical and X can be a 
( 2-methylthiazol-4-yl) methylene radical . 
The first disclaimer excludes those compounds that were 
-^1^^^Y__PF_?^^^^*^ Schinzer et al. according to a process 
different from the process according to the invention (Chem, Eur, 



J. 1996, 2, No. 11, 1477-1482 and Angew. Chem, 1997, 109, No. 5, 
543-544) . 

The second disclaimer takes into consideration the (5E,3S)- 
[3-[ [ (1, l-dimethylethyl) -dimethylsilyl ] oxy ] -4-inethyl-5- (2- 
Inethylthiazol-4-yl) -pent-4-en-l-yl ] -triphenylphosphonium iodide 
that is mentioned by K. C, Nicolaou et al. in Nature, Vol. 387, 
1997, 268-272. 

For the more detailed explanation of substituents r\ R^, R^, 
R^, PG\ PG^ and PG^ that occur in the compounds of general 
formula C, the statements that are made above for the 
substituents of general formula C hold true. 

According to the invention , those compounds of general 
formula C are preferred, in which 

R^ stands for a hydrogen atom, an optionally substituted 
C^-C^ alkyl radical, a phenyl radical that is 
optionally substituted with 1 to 3 radicals, selected 
from the group of substituents halogen, free hydroxy 
group or protected hydroxy group OPG^, C^-C^ alkyl, 
azido, nitro, nitrile and amino (NHj) , and/or 
X stands for an oxygen atom, and /or 

the aryl radical that stands for R^ and/or R^ stands for a 

phenyl radical that is optionally substituted with 1 to 
3 radicals, selected from the group of substituents 
halogen, free hydroxy group or protected hydroxy group 
OPG^, CO^H, CO^-alkyl, C^-C^ alkyl, azido, nitro, 
nitrile, amino (NHj) , or for a ~5^~oir 6 Member ed 
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heteroaryl radical that is optionally substituted with 
1 to 2 C^-C^ alkyl radicals, 

especially for a substituent that is selected from the 
group 2-, 3-furanyl; 2-, 3-, 4-pyridinyl; 2-, 4-, 5- 
thiazolyl; 2-, 4- and S-imidazolyl radical, which 
optionally is substituted by 1 or 2 C^-C^ alkyl 
radicals, and/or 
PG^ , PG^ and PG"^ are selected from the group of substituents 
methoxymethy 1 , methoxy ethy 1 , et hoxy ethy 1 , 
tetrahydropyranyl , tetrahydrof uranyl , trimethy Isilyl , 
triethylsilyl , tert-butyldimethylsilyl , tert- 
butyldiphenylsilyl , tribenzylsily 1 , triisopropylsilyl , 
benzyl , para-nitrobenzy 1 , para-methoxybenzy 1 , acetyl , 
propionyl, butyryl and benzoyl radicals, 
in particular PG^ is a tert-butyldiphenylsilyl , tert- 
butyldimethylsilyl or triisopropylsilyl radical, and 
in particular PG^ is a tert-butyldimethylsilyl, acetyl, 
benzoyl, benzyl, tetrahydropyranyl radical. 

As protective groups PG^ and PG^, all protective groups that 
are indicated above for PG'" , PG^ and PG^ are suitable. 



Representation of partial fragments ABC and their cyclization to 
I: 

Partial fragments of general formula AB 



R 



13 



V" 




OPG 



14 



in which R^^' , R^'^' , R^^' , R^'^' , R^, R^^, R^*=*, R^, R^^, R''^, D, E, V and 
Z have the meanings already mentioned, and PG^^ represents a 
hydrogen atom or a protective group PG, are obtained from 
previously described fragments A and B according to the process 
that is shown in Diagram 8. 



Step a (A + B =♦ AB) : 

Compound B, in which W has the meaning of an oxygen atom and 
optionally present additional carbonyl groups are protected, is 

alkylated with the enolate of a carbonyl^ coWp~oland^of~general- 

formula A. The enolate is produced by action of strong bases. 



Diagram 8 




AB 
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such as, e.g. , lithium diisopropylaxnide , lithium 
hexamethyldisilazane, at low temperatures. 

Partial fragments of general formula ABC 




ABC, 

in which R^^' , R^'^' , R^^' , R^^' , R^, R^^, R^*', R^ R^, R^, R^, R^^, R^"^, D, 
E, U and Z have the already mentioned meanings, are obtained from 
previously described fragments AB and C according to the process 
that is shown in Diagram 9 . 



Diagram 9 




Step b (AB + C =* ABC) : 

Compound C, in which R^^ has the meaning of a Wittig salt, 
and optionally present additional carbon yl~ groups ~are^protected~,— 
is deprotonated by a suitable base, such as, e.g., n- 



butyllithium, lithium diisopropyl amide, potassium tert- 
butanolate, sodium or lithium-hexamethyldisilazide and reacted 
with a compound AB, in which V has the meaning of an oxygen atom. 

Step c (ABC =* 1) : 

Compounds ABC, in which R^^ represents a carboxylic acid CO^K 
and R^*^ represents a hydrogen atom, are reacted according to the 
methods that are known to one skilled in the art for the 
formation of large macrolides to compounds of formula I, in which 
Y has the meaning of an oxygen atom. Preferred is the method 
that is described in "Reagents for Organic Synthesis, Vol. 16, p. 
353" with use of 2 , 4 , 6-trichlorobenzoic acid chloride and 
suitable bases, such as, e.g., triethylamine, 4- 
dimethylaminopyridine, sodium hydride. 

Step d (ABC 1) : 

Compounds ABC, in which R^^ represents a group CHgOH and R^° 
represents a hydrogen atom, can be reacted preferably with use of 
triphenylphosphine and azodiesters, such as, for example, 
azodicarboxylic acid diethyl ester, to compounds of formula I, in 
which Y has the meaning of two hydrogen atoms. 

Compounds ABC, in which R^^ represents a group CH^OSO^ alkyl 
or CH2OSO2 aryl or CHgOSOg aralkyl and R^° represents a hydrogen 
atom, can be cyclized to compounds of formula I, in which Y has 
the meaning of two hydrogen atoms, after deprotonation with 
suitable bases, such as, for example, sodium hydride^ n-~~^ 



butyl lithium, 4-diinethylaininopyridine, Hunig base, 
alkylhexamethyldisilazanes . 

The flexible f unctionalization of described components A, B, 
and C also ensures a linkage sequence that deviates from the 
above-described process and that leads to components ABC. These 
processes are listed in the following table: 



Possible Linkages 


Linkage Methods a 


Prerequisites 




to e 




A + B A - B 


a: Aldol (see 


Z = W = oxygen 




Diagram 8) 




B + C B - C 


b: Wittig 


U = oxygen and R^"" = 




(analogously to 


Wittig salt or 




Diagram 9) 


phosphine oxide or 




e : McMurry 


phosphonate 






Xj = V = oxygen 


A + C -* A - C 


c: Ester if ication 


R^^ = COgR^^^ or 




(e.g. , 2,4,6- 


COHal and 




trichlorobenzoyl 


R^° = hydrogen 




chloride/4- 


R^^ = CHgOH and R^^ 




dimethylamino- 


= hydrogen or SO2- 




pyridine) 


alkyl or SOg-aryl 




d: etherif ication 


or SOg-aralkyl 




(e. g. , Mitsunobu) 





According to these processes, components A, B and C, as 
indicated in Diagram 10, can be linked: 

Diagram 10 



b Oder e y^.g.Q - ^ oder d 



A + B ► A-B + C 



c Oder d 



C-B-A b Oder ( 



coderd 

A + C ► C-A + B 



a ^ « « b Oder e 

C-A-B 



bodere B-C-A 



3 o A coderd 

C-B-A 



b Oder e 
B + C ► C-B + A 



; Oder d A-C-B 



[Oder = or] 



Free hydroxy 1 groups in I, C, AB, ABC can be further 

functionally modified by etherif ication or esterif ication, free 
carbonyl groups by ketalization, enol ether formation or 
reduction. 

The invention relates to all stereoisomers of these 
compounds and also their mixtures. 




Biological Actions and Applications of the New Derivatives: 

The new compounds of formula I are valuable pharmaceutical 
agents. They interact with tubulin by stabilizing microtubuli 
that are formed and are thus able to influence the cell-splitting 
in a phase-specific manner. This relates mainly to quick-growing, 
neoplastic cells, whose growth is largely unaffected by 
intercellular regulating mechanisms. Active ingredients of this 
type are in principle suitable for treating malignant tumors. As 
applications, there can be mentioned, for example, the treatment 
of ovarian, stomach, colon, adeno-, breast, lung, head and neck 
carcinomas, malignant melanoma, acute lymphocytic and myelocytic 
leukemia. The compounds according to the invention are suitable 
owing to their properties basically for anti-angiogenesis therapy 
as well as for treatment of chronic inflammatory diseases, such 
as, for example, psoriasis or arthritis. To avoid uncontrolled 
proliferation of cells and for better compatibility of medical 
implants, they can basically be applied or introduced into the 
polymer materials that are used for this purpose. The compounds 
according to the invention can be used alone or to achieve 
additive or synergistic actions in combination with other 
principles and classes of substances that can be used in tumor 
therapy . 

As examples, there can be mentioned the. combination with 
0 Platinum complexes, such as, e.g., cis-platinum, 
carboplatinum. 



intercalating substances, e.g., from the class of 
anthracyclines, such as, e.g., doxorubicin or from the 
class of anthrapyrazoles, such as, e.g., Cl-941, 
substances that interact with tubulin, e.g. , from the 
class of vinca-alkaloids, such as, e.g., vincristine, 
vinblastine or from the class of taxanes, such as, 
e.g., taxol, taxotere or from the class of macrolides, 
such as, e.g., rhizoxin or other compounds, such as, 
e.g., colchicine, combretastatin A-4, 
DNA topoisomerase inhibitors, such as, e.g., 
camptothecin, etoposide, topotecan, teniposide, 
folate- or pyrimidine-antimetabolites , such as, e.g., 
lometrexol , gemcitubin , 

DNA-alkylating compounds, such as, e.g., adozelesin, 
dystamycin A , 

inhibitors of growth factors (e.g., of PDGF, EGF, TGFb, 
EOF) , such as, e.g. , somatostatin, suramin, bombesin 
antagonists , 

inhibitors of protein tyrosine kinases or protein 
kinases A or C, such as, e.g., erbstatin, genistein, 
staurosporine , ilmofosine, 8-Cl-cAMP, 

antihormones from the class of antigestagens , such as, 
e.g., mifepristone, onapristone or from the class of 
antiestrogens , such as, e.g., tamoxifen or from the 
class of antiandrogens , such as, e.g., cyproterone 



0 metastases-inhibiting compounds, e.g., from the class 

of eicosanoids, such as, e.g., PGlg, PGE^ , 6-oxo-FGE^ as 
well as their more stable derivatives (e.g., iloprost, 
cicaprost, misoprostol) , 

0 inhibitory, oncogenic RAS proteins, which influence the 
mitotic signal transduction, such as, for example, 
inhibitors of the farnesyl-protein-transf erase, 

0 natural or synthetically produced antibodies, which are 
directed against factors or their receptors, which 
promote tumor growth, such as, for example, the erbB2 
antibodies . 

The invention also relates to pharmaceutical agents that are 
based on pharmaceutically compatible compounds, i.e., compounds 
of general formula I that are nontoxic in the doses used, 
optionally together with commonly used adjuvants and vehicles. 

According to methods of galenicals that are known in the 
art, the compounds according to the invention can be processed 
into pharmaceutical preparations for enteral, percutaneous, 
parenteral or local administration. They can be administered in 
the form of tablets, coated tablets, gel capsules, granulates, 
suppositories, implants, injectable, sterile, aqueous or oily 
solutions, suspensions or emulsions, ointments, creams and gels. 

In this case , the active ingredient or ingredients can be 
mixed with the adjuvants that are commonly used in galenicals, 
such_as, e.g., gum arable, talc, starch, mannitol, methyl 
cellulose, lactose, surfactants such as TVeen^' orTMyrj^- magnesium 
stearate, aqueous or non-aqueous vehicles, paraffin derivatives. 



cleaning agents, dispersing agents, emulsif iers , preservatives 
and flavoring substances for taste correction (e.g., ethereal 
oils) . 

The invention thus also relates to pharmaceutical 
compositions, which as active ingredients contain at least one 
compound according to the invention. A dosage unit contains 
about 0.1-100 mg of active ingredient (s) . In humans, the dosage 
of the compounds according to the invention is approximately 0.1 
1000 mg per day. 

The examples below are used for a more detailed explanation 
of the invention, without intending that it be limited to these 
examples: 




Production of the Components of General Formula A from 
Pantolactone or from Malonic Acid Dialkyl Esters; 

Example 1 

(3S) -l-Oxa-2-oxo-3- ( tetrahydropyran-2 (RS) -yloxy) -4 , 4-dimethyl- 
cyclopentane 

The solution of 74.1 g (569 mmol) of D- (-) -pantolactone in 1 
1 of anhydrous dichloromethane is mixed with 102 ml of 3,4- 
dihydro-2H-pyran, 2 g of p-toluenesulf onic acid-pyridinium salt 
under an atmosphere of dry argon, and it is stirred for 16 hours 
at 2 3°C, It is poured into a saturated sodium bicarbonate 
solution, the organic phase is separated and dried on sodium 
sulfate. After filtration and removal of the solvent, the 
residue is chromatographed on about 5 kg of fine silica gel with 
a mixture of n-hexane and ethyl acetate. 119.6 g (558 mmol, 98%) 
of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3): <S = 1.13 (3H), 1.22 (3H), 1.46-1.91 (6H) , 
3.50-3.61 (IH), 3.86 (IH), 3.92 (IH), 4.01 (IH), 4.16 (IH), 5.16 
(IH) ppm. 

Example 2 

(2RS, as) -l-Oxa-2-hydroxy-3- (tetrahydropyran-2 (RS) -yloxy) -4,4- 
dimethyl-cyclopentane 

The solution of 117,5 g (548 mmol) of the compound, 
presented^ according to Example 1, in 2.4 1 of anhydrous toluene 
is cooled under an atmosphere of dry argon to -70°C, mixed within 
1 hour with 540 ml of a 1.2 molar solution of diisobutylaluminum 
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hydride in toluene, and it is stirred for 3 more hours at -70®C. 
It is allowed to heat to -2 0°C, mixed with saturated ammonium 
chloride solution, water, and the precipitated aluminum salts are 
separated by filtration on Celite. The filtrate is washed with 
water and saturated sodium chloride solution and dried on 
magnesium sulfate. After filtration and removal of the solvent, 
111.4 g (515 mmol, 94%) of the title compound is isolated as a 
colorless oil, which is further reacted without purification. 

IRCCHClj) : 3480, 3013, 2950, 2874, 1262, 1133, 1074, 1026 
and 808 cm"\ 

Example 3 

(3S) -2 ^ 2-Dimethyl-3- (tetrahydropyran-2 (R) -yloxy) -pent-4-en~l-ol 
and (3S) -2 , 2-dimethyl-3- {tetrahydropyran-2 (S) -yloxy) -pent-4-en-l- 
ol 

The suspension of 295 g of methyl-tripheny Iphosphonium 
bromide in 2 • 5 1 of anhydrous tetrahydrof uran is mixed under an 
atmosphere of dry argon at -60°C with 313 ml of a 2.4 molar 
solution of n-butyllithium in n-hexane, allowed to heat to 23°C, 
stirred for one more hour and cooled to 0°C. It is mixed with 
the solution of 66.2 g (306 mmol) of the compound, presented 
according to Example 2, in 250 ml of tetrahydrof uran, allowed to 
heat to 2 3°C and stirred for 18 hours. It is poured into a 
saturated sodium bicarbonate solution, extracted several times 
with dichloromethane , and the combined- organic extracts are dried 
on sodium sulfate. After filtration and removal of the ~solvent7~ 
the residue is chromatographed on about 5 1 of fine silica gel 
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with a gradient system that consists of n-hexane and ethyl 
acetate. 36.5 g (170 minol, 56%) of the nonpolar THP-isomers of 
the title compound, 14.4 g (67.3 mmol, 22%) of the polar THP- 
isomers of the title compound, as well as 7.2 g (33.3 mmol; 11%) 
of the starting material are isolated in each case as a colorless 
oil . 

^H-NMR (CDCI3) , nonpolar isomer: 6 = 0.78 (3H), 0.92 {3H) , 

1.41- 1.58 (4H), 1.63-1,87 (2H), 3.18 (IH), 3.41 (IH), 3.48 (IH), 
3.68 (IH), 3.94 (IH), 4.00 (IH), 4.43 (IH), 5.19 (IH), 5.27 (IH), 
5.75 (IH) ppm. 

^H-NMR (CDCI3) , polar isomer: S = 0.83 (3H) , 0.93 (3H) , 

1.42- 1.87 (6H) , 2.76 (IH), 3.30 (IH), 3.45 (IH), 3.58 (IH), 3.83 
(IH), 3.89 (IH), 4.65 (IH), 5.12-5.27 (2H), 5.92 (IH) ppm. 

Example 4 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 , 2-dimethyl-pentane-3- 
( tetrahydropyran-2-yloxy ) -pent-4-ene ^ 

The solution of 59.3 g (277 mmol) of the THP-isomer-mixture, 
presented according to Example 3, in 1000 ml of anhydrous 
dimethylf ormamide is mixed under an atmosphere of dry argon with 
28 g of imidazole, 85 ml of tert-buty Idipheny Ichlorosilane and 
stirred for 16 hours at 2 3°C. It is poured into water, extracted 
several times with dichloromethane, the combined organic extracts 
are washed with water and dried on sodium sulfate. After 
filtration and removal of the solvent, the residue is 
chromatographed on fine silica gel with a gradient ~sVstem~th:at" 
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consists of n-hexane and ethyl acetate, 106.7 g (236 mmol, 85%) 
of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.89 (3H), 0.99 (3H), 1.08 (9H) , 1.34- 
1.82 (6H) , 3.40 (IH), 3.51 (2H), 3.76 (IH), 4.02 (IH), 4.67 (IH), 
5.18 (IH) , 5,23 (IH), 5.68 (IH), 7.30-7.48 (6H), 7.60-7.73 (4H) 
ppm. 

Example 5 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 ^ 2-dimethyl-3- 
{ t e tr ahydr opy r an-2 -y loxy ) -pentan- 5 -o 1 

The solution of 3.09 g (6.83 mmol) of the compound, 
presented according to Example 4, in 82 ml of tetrahydrof uran is 
mixed with 13.1 ml of a 1 molar solution of borane in 
tetrahydrof uran under an atmosphere of dry argon at 2 3°C , and it 
is allowed to react for 1 hour. Then, while being cooled with 
ice, it is mixed with 16.4 ml of a 5% sodium hydroxide solution 
as well as 8.2 ml of a 30% hydrogen peroxide solution, and it is 
stirred for another 30 minutes. It is poured into water, 
extracted several times with ethyl acetate, the combined organic 
extracts are washed with water, saturated sodium chloride 
solution and dried on magnesium sulfate. The residue that is 
obtained after filtration and removal of the solvent is purified 
by chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate. 1.78 g (3.78 mmol, 55%) 
of the title compound is isolated as a chromatographically 
separable mixture of the two THP-epimeres , as well as 6744 ~g 
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(1.14 mmol, 17%) of the title compound of Example 6 in each case 
as a colorless oil. 

^H-NMR (CDCI3) , nonpolar THP-isomer: 6 = 0.80 (3H) , 0.88 
(3H), 1.10 (9H) , 1.18-1.80 (9H) , 3.27 (IH), 3.39 (IH), 3.48 (IH), 
3.64 (IH), 3.83 (IH), 3.90-4.08 (2H), 4.49 (IH), 7.31-7.50 (6H), 
7.58-7,73 (4H) ppm. 

^H-NMR (CDCI3) , polar THP-isomer: S = 0.89 (3H) , 0.98 (3H), 
1.08 (9H), 1.36-1.60 (4H) , 1.62-1.79 (3H), 1.88 (IH), 2.03 (IH), 
3.37 (IH), 3.50 (IH), 3.57 (IH), 3.62-3.83 (4H) , 4.70 (IH), 7.30- 
7.48 (6H) , 7.61-7.73 (4H) ppm. 

Example 6 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 ^ 2-dimethyl-pentane-3/ 5-diol 

Analogously to Example 5, the solution of 570 mg (1.55 mmol) 
of the compound that is presented according to Example 12 is 
reacted, and after working-up and purification, 410 mg (1.06 
mmol, 68%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.82 (3H), 0.93 (3H), 1.08 (9H) , 1.56- 
1.79 (2H) , 3.11 (IH), 3.50 (2H), 3.78-3.92 (3H), 4.02 (IH), 7.34- 
7.51 (6H) , 7.61-7.71 (4H) ppm. 

Example 7, Variant I 

4 ( S ) - [ 2 -Methyl- 1- ( tert-buty Idipheny Is i ly loxy ) -prop-2 -y 1 ] -2 , 2 - 
dimethyl- [1, 3] dioxane 

The solution of 100 mg (0.212 mmol) of the compounds, 
presented according to Example 5, in 2 . 6 ml~of~^rihi^rous~aceton 
is mixed with 78.9 mg of copper (II) sulfate, a spatula tip full 
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of p-toluenesulf onic acid-monohydrate under an atmosphere of dry 
argon, and it is stirred for 16 hours at 23°C* It is mixed with 
saturated sodium bicarbonate solution, extracted several times 
with diethyl ether, washed with saturated sodium chloride 
solution and dried on sodium sulfate. The residue that is 
obtained after filtration and removal of the solvent is purified 
by chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate, 2 4 mg (56 ^mol, 27%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0,83 (3H), 0,89 (3H), 1,07 (9H) , 1,30 
(IH), 1.36 (3H), 1,44 (3H), 1.71 (IH), 3.24 (IH), 3.62 (IH), 3.86 
(IH) , 3.91-4.03 (2H) , 7.31-7.48 (6H) , 7.61-7.74 (4H) ppm. 

Variant II 

Analogously to Example 7, 320 mg (0,88 mmol) of the compound 
that is presented according to Example 6 is reacted; variant 1, 
and after working-up and purification, 234 mg (0.548 mmol, 62%) 
of the title compound is isolated. 

Variant III 

The solution of 5,60 g (14,5 mmol) of the compound, 
presented according to Example 6, in 2 50 ml of anhydrous 
dichloromethane, is mixed with 10 ml of 2 , 2-dimethoxypropane, 145 
mg of camphor-lO-sulf onic acid under an atmosphere of dry argon, 
and it is stirred for 6 hours at 2 3°C, It is mixed with 
triethylamine, diluted with ethyl acetate7 washed "wi"th~~sat^ — 
sodium bicarbonate solution and dried on sodium sulfate. After 
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filtration and removal of the solvent, the residue is 
chromatographed on fine silica gel with a mixture of n-hexane and 
ethyl acetate* 5.52 g (12.9 mmol, 89%) of the title compound is 
isolated as a colorless oil. 

Example 8 

( 4S ) -4- ( 2 -Methy l-l-hydroxy-prop-2 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

The solution of 5.6 g (13.1 mmol) of the compound, presented 
according to Example 7, in 75 ml of anhydrous tetrahydrof uran is 
mixed with 39 ml of a 1 molar solution of tetrabutylammonium 
fluoride in tetrahydrof uran under an atmosphere of dry argon, and 
it is heated for 16 hours to 50°C. It is mixed with saturated 
sodium bicarbonate solution, extracted several times with ethyl 
acetate, washed with saturated sodium chloride solution and dried 
on sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent is purified by chromatography on fine . 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 2.43 g (12.9 mmol, 99%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.87 (3H) , 0.90 (3H), 1.35 (IH), 1.37 

(3H), 1.43 (3H), 1.77 (IH), 2.93 (IH), 3.36 (IH), 3.53 (IH), 3.79 

(IH) , 3.87 (IH), 3.96 (IH) ppm. 

Example 9 

( 48 ) -4 - ( 2 -Methy l-l-oxo-prop-2 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

The solution of 0.13 ml of oxalyT~chlorilie~ilt~5V7~ml~of 

anhydrous dichloromethane is cooled under an atmosphere of dry 
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argon to -70*^C, mixed with 0.21 ml of dimethyl sulfoxide, the 
solution of 200 mg (1,06 mmol) of the compound, presented 
according to Example 8, in 5,7 ml of anhydrous dichloromethane, 
and it is stirred for 0,5 hour. Then, it is mixed with 0.65 ml 
of triethylamine, allowed to react for 1 hour at -30°C and mixed 
with n-hexane and saturated sodium bicarbonate solution. The 
organic phase is separated, the aqueous phase is extracted once 
more with n-hexane, the combined organic extracts are washed with 
water and dried on magnesium sulfate. The residue that is 
obtained after filtration and removal of the solvent is further 
reacted without purification. 

Example 10 

( 4S ) -4 - ( 2 -methyl-3 (RS ) -'hydroxy-pent-2 -y 1 ) -2 , 2 -dimethyl- 
[l,3]dioxane 

The solution of 900 mg (4.83 mmol) of the compound, 
presented according to Example 9, in 14 ml of anhydrous diethyl 
ether is mixed with 2.42 ml of a 2.4 molar solution of 
ethylmagnesium bromide in diethyl ether under an atmosphere of 
dry argon at 0°C, allowed to heat to 23°C and stirred for 16 
hours. It is mixed with saturated ammonium chloride solution, 
the organic phase is separated and dried on sodium sulfate. The 
residue that is obtained after filtration and removal of the 
solvent is purified by chromatography on fine silica gel with a 
gradient system that consists of n-hexane and ethyl acetate. 321 
mg (1.48 mmol, 31%) of the Tionpdlar^3R^ or~3S-epimeres— of— — 
title compound, 542 mg (2.51 mmol, 52%) of the polar 3S- or 3R- 



epimeres of the title compound and 77 mg of the title compound 
that is described in Example 8 are isolated in each case as a 
colorless oil, 

^H-NMR (CDCI3) nonpolar isomer: 6 = 0.86 (3H) , 0.89 (3H) , 
1.03 (3H), 1.25-1,37 (2H) , 1.37 (3H), 1.46 (3H) , 1,49 (IH), 1.84 
(IH), 3.35 (IH), 3.55 (IH), 3.81-4.02 (3H) ppm. 

^H-NMR (CDCI3) polar isomer: 6 = 0.72 {3H) , 0.91 (3H) , 0.99 
(3H), 1.25-1.44 (2H), 1.38 (3H), 1.43-1.60 (IH), 1.49 (3H) , 1.76 
(IH), 3.39 (IH), 3.63 (IH), 3.79-4.03 (3H) ppm. 

Example 11 

( 4S ) -4- ( 2 -Methyl-3 -oxo-pent-2 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

The solution of 850 mg (3.93 mmol) of a mixture of the 
compound, presented according to Example 10, in 63 ml of 
anhydrous dichloromethane is mixed with molecular sieve (4A, 
about 80 spheres) , 690 mg of n-methylmorpholino-N-oxide , and 70 
mg of tetrapropylammonium perruthenate , and it is stirred for 16 
hours at 2 3°C under an atmosphere of dry argon. It is 
concentrated by evaporation, and the crude product that is 
obtained is purified by chromatography on about 2 00 ml of fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 7 28 mg (3.39 mmol, 86%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 1.00 (3H), 1.07 (3H), 1.11 (3H), 1.31 
(IH), 1.32 (3H), 1.41 (3H), 1.62 (IH), 2.52 (2H) , 3.86 (IH), 3.97 



Example 12 

(3S)-l-(t rt-Butyldiphenylsilyloxy) -2,2-dim thyl-3-hydroxy-pent= 
4-ene 

The solution of 106.7 g (23 6 xnmol) of the compound, 
presented according to Example 4, in 1 . 5 1 of anhydrous ethanol 
is mixed with 5.9 g of pyridinium-p-toluenesulf onate under an 
atmosphere of dry argon, and it is heated for 6 hours to 50°C. 
After removal of the solvent, the residue is chromatographed on 
fine silica gel with a mixture of n-hexane and ethyl acetate. 
82.6 g (224 mmol, 95%) of the title compound is isolated as a 
colorless oil, in which in addition about 5 g of ethoxy- 
tetrahydropyran is contained. 

^H-NMR (CDCI3) of an analytic sample: S = 0.89 (6H) , 1.08 
(9H), 3.45 (IH) , 3.49 (IH), 3.58 (IH), 4.09 (IH), 5.21 (IH) , 5.33 
(IH), 5.93 (IH), 7.34-7.51 (6H), 7.63-7.73 (4H) ppm. 

Example 13 

(4S)-4- ( (2RS) -3-Methyl-2-hydroxy-prop-3-yl) -2 ^ 2-dimethyl- 
[l, 3]dioxane 

Analogously to Example 10, 450 mg (2.42 mmol) of the 
compound that is presented according to Example 9 is reacted with 
use of methylmagnesium bromide. After working-up and 
purification, 431 mg (2.13 mmol, 88%) of a chromatographically 
separable mixture of the epimeric title compounds is isolated as 
a colorless oil. 



Exampl X4 

( 4S ) -4 - ( 3 -Methy 1-2 -oxo-prop-3 -yl ) -2 , 2 -dimethyl- [1,3] dioxane 

420 mg (2.08 mmol) of the compound that is presented 
according to Example 13 is reacted analogously to Example 11. 
After working-up and purification, 388 mg (1.94 mmol, 93%) of the 
title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 1.08 (3H), 1.12 (3H), 1.33 (3H), 1,35 
(IH), 1.42 (3H), 1.63 (IH), 2.17 (3H), 3.87 (IH), 3.98 (IH), 4.04 
(IH) ppm. 

Example 15 

(4S) -4- ( (3RS) -2-Methyl-3-hydroxy-hex-2-yl) -2,2-dimethyl- 
[1,3] dioxane 

Analogously to Example 10, 4 50 mg (2.42 mmol) of the 
compound that is presented according to Example 9 is reacted with 
use of n-propylmagnesium bromide. After working-up and 
purification, a total of 244 mg (1.06 mmol, 44%) of a separable 
mixture of epimeric title compounds as well as 191 mg of the 
title compound that is described in Example 8 are isolated in 
each case as a colorless oil. 

^H-NMR (CDCI3) nonpolar isomer: S = 0.87 (3H) , 0.89 (3H) , 
0.94 (3H), 1.25-1.52 (4H), 1.38 (3H), 1.45 (3H), 1.66 (IH), 1.85 
(IH), 3.46 (IH), 3.80-4.02 (4H) ppm. 

^H-NMR (CDCI3) polar isomer: 6 = 0.73 (3H), 0.92 (3H) , 0.95 
(3H), 1.19-1.84 (6H), 1.37 (3H), 1.49 (3H), 3.49 (IH), 3.60 (IH), 



Example 16 

(4S)-4-(2-M thyl-3-oxo-h x-2=yl) -2 , 2-dimethyl- [ 1 , 3 ] dioxane 

230 mg (1.00 mmol) of the compounds presented according to 

Example 15 are reacted analogously to Example 11, After working- 

up and purification, 185 mg (0,81 mmol, 81%) of the title 

compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.88 (3H) , 1.04 (3H), 1.12 (3H), 1.22- 

1.37 (IH), 1.31 (3H) , 1.40 (3H), 1.48-1.71 {3H) , 2.46 (2H), 3.83 

(IH) , 3.96 (IH), 4.04 (IH) ppm. 

Example 17 

( 4R) -4- ( 2 -Methy 1-3 -oxo-pent-2 -yl ) -2 , 2 -dimethyl- [ 1 / 3 ] -dioxane 

Starting from L- (+) -pantolactone , the title compound is 
produced analogously to the processes that are described in 
Examples 1 to 9 and 12 via the respective enantiomer intermediate 
stages . 

^H-NMR (CDCI3) : S = 1.00 (3H), 1.07 (3H), 1.12 (3H) , 1.24- 
1.37 (IH) , 1.31 (3H) , 1.40 (3H), 1.61 (IH), 2.50 (2H), 3.84 (IH), 
3.95 (IH), 4.03 (IH) ppm. 

Example 18 

( 4R) -4- (3 -Methy 1-2 -oxo-prop-3 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

Starting from L- (+) -pantolactone , the title compound is 
produced analogously to the processes that are described in 
Examples 1 to 9 and 12 to 14 via the respective enantiomer 
intermedi"ate "stages^; 
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^H-NMR (CDCI3) : <5 = 1.07 (3H), 1.12 (3H), 1,30-1.39 (IH), 
1.33 (3H), 1.43 {3H), 1.62 (IH), 2.17 (3H), 3.86 (IK), 3.96 (IH), 
4.03 (IH) ppm. 

Example 19 

{ 4R ) -4 - ( 2 -Methy 1-3 -oxo-hex-2 -y 1 ) -2 , 2 -dimethyl- [ 1 , 3 ] d ioxane 

Starting from L- (+) -pantolactone, the title compound is 
produced analogously to the processes that are described in 
Examples 1 to 9, 12, 15 and 16 via the respective enantiomer 
intermediate stages . 

^H-NMR (CDCI3) : 6 = 0.88 (3H), 1.04 (3H) , 1,12 (3H), 1.22- 
1.37 (IH), 1.31 (3H), 1.41 (3H) , 1.48-1.72 (3H), 2.47 (2H), 3.84 
(IH), 3.96 (IH) , 4.05 (IH) ppm. 

Example 2 0 

(2S/ 4S) -2- <2-Cyanophenyl) -4- [2-methyl-l- ( tert- 
butyldiphenylsilyloxy) -prop-2-yl] -[1^ 3]dioxane 

The solution of 1.00 g (2.59 mmol) of the compound, 
presented according to Example 6, in 50 ml of benzene is mixed 
with 850 mg of 2-cyanoben2aldehyde, a spatula tip full of p- 
toluenesulf onic acid-monohydrate , and it is refluxed for 16 hours 
in a water separator under an atmosphere of dry argon. It is 
mixed with 0.5 ml of triethy lamine , diluted with ethyl acetate, 
washed with saturated sodium bicarbonate solution and dried on 
sodium sulfate. After filtration and removal of the solvent, the 
res i due" i s~ c hr^ma togra p h~ed~b rr f i n e^s i'l rc a ^^g el— wit h - a- m i x t u r e- o f — 



n-hexane and ethyl acetate. 1.22 g (2.44 mmol, 94%) of the title 
compound is isolated as a colorless oil. 

^H-^fMR (CDCI3) : 6 = 0.99 (6H) , 1.05 (9H) , 1.47 (IH), 1.98 
(IH), 3.34 (IH), 3.63 (IH), 3.96-4.09 {2H), 4.31 (IH), 5.75 (IH), 
7.17 (2H), 7.24-7.51 (5H), 7.51-7.74 (7H) ppm. 

Example 21 

(2S,4S) -2- (2-Cyanophenyl) -4- (2-methyl-l-hydroxy-prop-2-yl) - 
[l,3]dioxane 

Analogously to Example 8, 1.22 g (2.44 mmol) of the compound 
that is presented according to Example 2 0 is reacted, and after 
working-up and purification, 593 mg (2.27 mmol, 93%) of the. title 
compound is isolated as a colorless oil . 

^H-NMR (CDCI3) : 6 = 0.89 (3H), 0.97 (3H), 1.51 (IH), 2.01 
(IH), 2.42 (IH), 3.31 (IH), 3.72 (IH), 3.97 (IH), 4.02 (IH), 4.39 
(IH), 5.78 (IH), 7.46 (IH), 7.63 (IH), 7.69 ( IH) , 7.75 (IH) ppm. 

Example 22 

(2S,4S)-2-(2 -Cyanopheny 1 ) -4 - ( 2 -methyl- l-oxo-prop-2 -y 1 ) - [ 1 , 3 ] - 
dioxane 

Analogously to Example 9, 570 mg (2.18 mmol) of the compound 
that is presented according to Example 21 is reacted, and after 
working-up, 780 mg of the title compound is isolated as a yellow 
oil, which is further reacted without purification. 



(2S^4S)-2-(2 -Cyanopheny 1 ) -4 - { { 3RS ) -2 -methyl - 3 -hydroxy-pent-2 -y 1 ) - 
[1, 3]-dioxane 

Analogously to Example 10, 780 mg (max. 2.18 mmol) of the 
crude product that is presented according to Example 2 2 is 
reacted, and after working-up and purification, 4 68 mg (1.62 
mmol, 74%) of the epimeric title compounds is isolated as a 
colorless oil. 

^H-NMR (CDCI3) : iS = 0.81-1.09 (9H) , 1.22-1.43 (IH), 1.43- 
1.70 (2H) , 2.04 (IH), 2.35 (0.55H), 2.89 (0.45H), 3.41-3.59 (IH), 
3.89-4.13 (2H) , 4.36 (IH), 5.78 (0.45H), 5.81 (0.55H), 7.45 (IH), 
7.54-7.78 (3H) ppm. 

Example 2 4 

(2S,4S) -2- (2-Cyanophenyl) -4- (2-methyl-3-oxo-pent-2-yl) - 
[l/3]dioxane 

Analogously to Example 11, 463 mg (1.60 mmol) of the 
compound that is presented according to Example 2 3 is reacted, 
and after working-up and purification, 420 mg (1.46 mmol, 91%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 1.00 (3H), 1.19 (3H), 1.24 (3H), 1.49 
(IH), ^1.92 (IH), 2.56 (2H), 4.3 (IH), 4.16 (IH), 4.32 (IH), 5.78 
(IH), 7.44 (IH), 7.60 (IH), 7.64-7,72 (2H) ppm. 



Example 25 

(4S, 2S) -4- [2-Metliyl-l- ( tert-butyldiphenylsilyloxy) -prop=2=yl] -2- 
pheny 1- [1^3] dioxane 

Analogously to Example 20, 1.00 g (2.59 mmol) of the 
compound, presented according to Example 6, in 50 ml of toluene 
is reacted with use of benzaldehyde, and after working-up and 
purification, 1.2 g (2.53 mmol, 98%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.93 (3H), 1.00 (3H), 1.07 (9H) , 1.43 
(IH), 1.92 (IH), 3.30 (IH), 3.72 (IH), 3.95 (IH), 4.00 (IH), 4.30 
(IH), 5.53 (IH) , 7.18 (2H) , 7.29-7.49 (9H) , 7.61 (2H), 7.67 (2H) 
ppm. 

Example 2 6 

(4S,2S)-4-(2 -Methyl- l-hydroxy-prop-2 -yl ) -2 -phenyl- [ 1 / 3 ] dioxan 

Analogously to Example 8, 1.20 g (2.53 mmol) of the compound 
that is presented according to Example 2 5 is reacted, and after 
working-up and purification, 518 mg (2.19 mmol, 87%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.98 (6H), 1.49 (IH), 2.00 (IH), 2.49 
(IH), 3.46 (IH), 3.62 (IH), 3-81 (IH), 3.98 (IH), 4.33 (IH), 5.51 
(IH), 7.30-7.41 (3H), 7.41-7.51 (2H) ppm. 

Example 2 7 

(2S^4S)-4-{2 -Methyl- l-oxo-prop-2 -yl ) -2 -pheny 1- [ 1,3] dioxane 

Analogously to Example 9~ ~500 Ing ~( 2^ 12 immol) — of the- compound- 
that is presented according to Example 2 6 is reacted, and after 
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working-up, 715 mg of the title compound is isolated as a yellow 
oil, which is further reacted without purification. 

Example 28 

(2S, 4S) -4- ( (3RS) -2-Methyl-3-hydroxy-pent-2-yl) -2-phenyl- 
[1, 3]dioxane 

Analogously to Example 10, 715 mg (max. 2.12 mmol) of the 
crude product that is presented according to Example 27 is 
reacted, and after working-up and purification, 440 mg (1.66 
mmol, 79%) of the epimeric title compounds is isolated as a 
colorless oil. 

^H-NMR (CDCI3) : 6 = 0.80-1.10 (9H) , 1.23-1.42 (IH), 1.42- 
1.70 (2H), 1.90-2.16 (IH), 2.92 (0.6 H), 3.07 (0.4H), 3.40-3.53 
(IH), 3.86 (IH), 3.98 (IH), 4.32 (IH), 5.49 (0.4H), 5.55 (0.6H), 
7.28-7.40 (3H), 7.40-7.51 (2H) ppm. 

Example 2 9 

( 28 , 4S ) -4 - ( 2 -Methy 1-3 -oxo-pent-2 -yl ) -2 -phenyl- [1^3] dioxane 

Analogously to Example 11, 435 mg 91.65 mol) of the compound 
that is presented according to Example 2 8 is reacted, and after 
working-up and purification, 410 mg (1.56 mmol, 95%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.02 (3H), 1.17 (3H), 1.23 (3H), 1.44 
(IH), 1.84 (IH), 2.58 (2H), 3.97 (IH), 4.06 (IH), 4.30 (IH), 5.50 
(IH), 7.28-7.49 (5H) ppm. 



Exampl 3 0 

(4S) -4-[2-Methyl-i- (tert-butyldiphenylsilyloxy) -prop-2-yl] -2 . 2- 
pentam thylen -[l, 3]dioxane 

Analogously to Example 20, 1,00 g (2.59 mmol) of the 
compound, presented according to Example 6, in 50 mol of toluene 
is reacted with use of cyclohexanone, and after working-up and 
purification, 1,09 g (2.34 mmol, 90%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.84 (3H), 0.89 (3H) , 0.97-1.10 (lOH), 
1,20-1.64 (9H) , 1.71 (IH), 2.13 (IH), 3.33 (IH), 3.56 (IH), 3.81 
(IH) , 3.89 (IH) , 3.99 (IH), 7.32-7.49 (6H), 7.60-7.74 (4H) ppm. 

Example 31 

(4S) -4- (2-Methyl-l-hydroxy-prop-2-yl) -2 , 2-pentamethylene- 
Cl, 3]dioxane 

Analogously to Example 8, 1.09 g (2.34 mmol) of the compound 
that is presented according to Example 3 0 is reacted, and after 
working-up and purification, 470 mg (2.06 mmol, 88%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.88 (3H), 0.94 (3H), 1.24-1.71 (lOH), 
1.81 (IH) , 2.18 (IH), 3.09 (IH), 3.39 (IH), 3.60 (IH), 3.80 (IH), 
3.87 (IH), 4.02 (IH) ppm. 

Example 32 

{ 4S ) -4 - ( 2 -Methy l-l-oxo-prop-2 -yl ) -2 , 2 -pentamethy lene- [ 1 # 3 ] dioxan 

^Ana logously- to Example- 9-, -450— mg--(-l .-97— mmol ) -of the- com 
that is presented according to Example 31 is reacted, and after 
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working-up, 678 mg of the title compound is isolated as a yellow 
oil, which is further reacted without purification* 

Example 33 

(4S) -4- (2-Methyl-3-hydroxy-pent-2-yl) -2 , 2-pentamethylene- 
[1, 3]dioxane 

Analogously to Example 10, 678 mg (max. 1.97 mmol) of the 
crude product that is presented according to Example 3 2 is 
reacted, and after working-up and purification, 391 mg (1.54 
mmol, 77%) of the epimeric title compounds is isolated as a 
colorless oil, 

^H-NMR (CDCI3) : 6 0.70-1.08 {9H) , 1.23-1.98 (13H), 2.01- 
2.13 (IH), 3.37-3.50 (IH), 3.61 (0.5H), 3.80-4.06 (3.5H) ppm. 

Example 34 

(4S) - (2-Methyl-3-oxo-pent-2-yl) -2/2-pentamethylene-[l, 3]dioxan 

Analogously to Example 11, 386 mg (1.51 mmol) of the 
compound that is presented according to Example 3 3 is reacted, 
and after working-up and purification, 376 mg (1.48 mmol, 98%) of 
the title compound is isolated as a odorless oil. 

^H-NMR (CDCI3) : <S = 1. 01 (3H) , 1.09 (3H), 1.17 (3H) , 1.22- 
1.38 (3H), 1.40-1.72 (8H), 2.15 (IH), 2.57 (2H), 3.81 (IH), 3.92- 
4.07 (2H) ppm. 



SKomple 35 

(4S) -4-[2-Methyl-l- (tert-butyldiphenylsilyloxy) -prop-2-yl]-2/2- 
tetramethy lene- [ 1 # 3 ] dioxane 

Analogously to Example 20, 1,00 g (2.59 mmol) of the 
compound, presented according to Example 6, in 50 ml of toluene 
is reacted with use of cyclopentanone, and after working-up and 
purification, 997 mg (2.20 mmol, 85%) of the title compound is 
isolated as a colorless oil . 

^H-NMR (CDCI3) : 6 = 0.84 (3H), 0.88 (3H) , 0.99-1.10 (lOH), 
1.30 (IH) , 1.50-1.99 (8H), 3.23 (IH), 3,60 (IH), 3.80-3.98 (3H), 
7.31-7.49 (6H) , 7.61-7.73 (4H) ppm. 

Example 3 6 

( 4S ) -4 - ( 2 -Methy l-l-hydroxy-prop-2 -y 1 ) -2 , 2 -tetramethylene- 
[1,3] dioxane 

Analogously to Example 8, 997 mg (2.20 mmol) of the compound 
that is presented according to Example 3 5 is reacted, and after 
working-up and purification, 415 mg (1.94 mmol, 88%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.90 (6H), 1.36 (IH), 1.53-2.02 (9H) , 
2.93 (IH), 3.39 (IH), 3.55 (IH), 3.70 (IH), 3.87 (IH), 3.96 (IH) 
ppm. 

Example 37 

( 4S) -4 - ( 2 -Methy l-l-oxo-prop-2 -yl ) -2 , 2 -te tramethy lene- [1,3 Jdioxan 

Analogously to Example 9, 400 mg (1.87 mmol) of the compound 
that is presented according to Example 3 6 is reacted, and after 
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working-up, 611 mg of the title compound is isolated as a yellow 
oil, which is further reacted without purification. 

Example 38 

(4S) -4- (2-Methyl-3-hydroxy-pent-2-yl) -2 / 2-tetramethylene- 
[1, 3]dioxane 

Analogously to Example 10, 611 mg (max. 1.87 mmol) of the 
compound that is presented according to Example 37 is reacted, 
and after working-up and purification, 353 mg (1.46 mol, 78%) of 
the epimeric title compounds is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.71-1.09 (9H) , 1.20-1.44 (2H) , 1.44- 
1.78 (5H) , 1.78-2.02 (5H), 3.32-3.44 (IH), 3.51-3.60 (IH), 3.76 
(IH), 3.80-4.02 (2H) ppm. 

Example 39 

< 4S) -4- ( 2-Methyl-3-oxo-pent-2-yl) -2 / 2-tetramethylene- [ 3 ] dioxan 

Analogously to Example 11, 348 mg (1.44 mmol) of the 
compound that is presented according to Example 38 is reacted, 
and after working-up and purification, 332 mg (1.38 mmol, 96%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.00 (3H) , 1.07 (3K), 1.17 (3H) , 1.31 
(IH), 1.50-2.00 (9H) , 2.52 (2H), 3.84 (IH), 3.88-3.99 (2H) ppm. 

Example 40 

1, l-Cyclobutanedimethanol 

170 ml of a 1.2 molar solution of diisobutylaluminium 
hydride is added in drops to a solution of 20 g (99.9 mmol) of 



1, 1-cyclobutanedicarboxylic acid diethyl ester in 200 ml of 
absolute tetrahydrof uran at 0*^C. It is allowed to stir for one 
more hour at 0°C/ and then 3 0 ml of water is added. It is 
filtered on Celite. The filtrate is dried with sodium sulfate 
and concentrated by evaporation in a vacuum. The crude product 
that is obtained (9.9 q, 85.2 mmol, 85%) is used without 
purification in the next step. 

Example 41 

1- [ [ [Dimethyl (l, 1-dimethylethyl) silyl]oxy] - 
methyl] cyclobutanemethanol 

A solution of 9.9 g (85 mmol) of the compound, presented 
according to Example 40, in 100 ml of absolute tetrahydrof uran is 
added to a suspension of 3.4 g of sodium hydride (60% in oil) in 
3 5 ml of absolute tetrahydrof uran at 0°C. It is allowed to stir 
for 30 more minutes, and then a solution of 12.8 g of tert- 
butyldimethylsilyl chloride in 50 ml of tetrahydrof uran is added. 
It is allowed to stir for one more hour at 2 5°C, and then the 
reaction mixture is poured onto saturated aqueous sodium 
bicarbonate solution. It is extracted with ethyl acetate. The 
organic phase is washed with saturated sodium chloride solution 
and dried on sodium sulfate. After the solvent is drawn off in a 
vacuum, the crude product that is obtained is purified by column 
chromatography on silica gel with a mixture of hexane/ethyl 
acetate. 13.5 g (58.6 mmol, 69%) of the title compound is 
obtained . 
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^H-NMR (CDCI3) : S = 0.04 (6H), 0,90 (9H) , 1.70-2.00 {6H), 
3.7 0 (4H) ppm. 

Example 42 

l-[ [ [DimethyKl, l-dimethylethyl) silyl]oxy]- 
methyl] cyclobutanecarbaldehyde 

8 ml of oxalyl chloride is dissolved in 100 ml of 
dichloromethane. It is cooled to -78°C, and 13 ml of dimethyl 
sulfoxide is added. It is allowed to stir for 3 more minutes, 
and then a solution of 13.5 g (58.6 mmol) of the compound, 
presented according to Example 41, in 8 0 ml of dichloromethane is 
added. After another 15 minutes of stirring time, 58 ml of 
triethylamine is added in drops. Then, it is allowed to heat to 
0°C. Then, the reaction mixture is poured onto saturated sodium 
bicarbonate solution. It is extracted with dichloromethane, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After chromatography of the crude product on silica gel 
with a mixture of hexane/ethyl acetate, 7.7 g (33.7 mmol, 58%) of 
the title compound is obtained. 

^H-NMR (CDCI3) : S = 9.70 s (IH) , 3.83 s (2H) , 2.20-2.30 m 
(2H) , 1.85-2.00 m (4H) , 0.90 s (9H) , 0.03 s (6H) ppm. 



Exampl 43 

[lR-[la(R*) 2B] ]-2-Phenylcyclohexyl 3-[l-[[[dim thyl(l/l- 
dimethy lethy 1 ) s i ly 1 ] oxy ] methyl ] cyclobuty 1 ] -3 -hydroxypropanoate 
(A) and 

[lR-[la{S*) 2B] ] -2-phenylcyclohexyl 3-[l-[ [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy]methyl] cyclobutyl] -3-hydroxypropanoate 
(B) 

Lithium diisopropylamide is produced in absolute 
tetrahydrofuran from 7.2 ml of diisopropylamine and butyllithium 
(32 ml of a 1.6 molar solution in hexane) . Then, a solution of 
11.2 g (IR-trans) -2-phenylcyclohexyl acetate in 100 ml of 
absolute tetrahydrofuran is added at -78°C, and it is allowed to 
stir for 3 0 more minutes at this temperature. Then, a solution 
of 7.7 g (33.7 mmol) of the . compound, presented according to 
Example 42, in 50 ml of tetrahydrofuran is added. It is allowed 
to stir for 1.5 more hours at -78°C, and then the reaction 
mixture is poured onto saturated aqueous ammonium chloride 
solution. It is extracted with ethyl acetate, the organic phase 
is washed with saturated sodium chloride solution, dried on 
sodium sulfate and concentrated by evaporation in a vacuum. 
After column chromatography of the crude product on silica gel 
with a mixture of hexane/ethyl acetate, 6.34 g (14.2 mmol, 42%) 
of title compound A and 4.2 2 g (9.4 mmol, 28%) of title compound 
B are obtained. 

^H-NMR (CDCI3) of A: <S = 0.04 (6H), 0.98 (9H) , 2.69 (IH) , 
3 . 08 ( IH) , 3.60 ( IH) , 3 . 67 (IH^ 377~8 -3". 84~ { XH)" ,"^4 79 7 ~C1H )' " 7t^1 5 
7.30 (5H) ppm. 



^H-NMR (CDCI3) of B: 6 = 0.03 (6H), 0.90 (9H) , 2.68 (IH), 
2.80 (IH), 3.56 (2H), 3.68-3.72 (IH), 4.99 (IH), 7.18-7.30 m (5H) 
ppm. 

Example 44 

( S ) - 1- [ 1- [ [ [Dimethyl (1,1- 

dimethy lethy 1 ) s ily 1 ] oxy ] methyl ] cyclobuty 1 ] -1/3 -propanedio 1 

4 ml of a 1.2 molar solution of diisobutylaluminum hydride 
in toluene is added in drops to a solution of 1 g (2.24 mmol) of 
compound A, presented according to Example 43, in 10 ml of 
absolute toluene at 0°C. It is allowed to stir for 1.5 more 
hours at 0°C, and then 5 ml of water is added. It is filtered on 
Celite. The filtrate is dried on sodium sulfate and concentrated 
by evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl 
acetate, 370 mg (1.35 mmol, 60%) of the title compound is 
obtained. 

^H-NMR (CDCI3) : 6 = 0.05 (6H), 0.90 {9H) , 1.55-1.60 (2H) , 
1.80 (2H) , 1.90 (3H) , 2.10 (IH), 3.75 (IH), 3.85-3.95 (4H) ppm. 

Example 45 

(S)-2/2-Dimethyl-4-[l-[ [ [dimethyl (l, 1- 

dimethy lethy 1) silyl] oxy] methyl] cyclobuty 1] -l, 3-dioxane 

3 70 mg (1.35 mmol) of the compound that is presented 
according to Example 44 is dissolved in 10 ml of acetone. A 
spatula tip full of p-toluenesulf onic acid is added,^and TTt^is 
allowed to stir for 2 more hours at 25°C. Then, the reaction 
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mixture is poured onto saturated sodium bicarbonate solution. It 
is extracted with ethyl acetate, the organic phase is washed with 
saturated sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. After column 
chromatography on silica gel with a mixture of hexane/ethyl 
acetate, 338 mg (1.07 mmol, 79%) of the title compound is 
obtained. 

^H-NMR {CDCI3) : 6 = 0.03 (6H) , 0.88 (9H) , 1.38 (3H) , 1.42 
(3H), 1.50-1.80 (4H) , 2.00 (IH), 3.52 (IH), 3.62 ( IH) , 3.85-4.00 
(3H) ppm. 

Exaiaple 4 6 

(R) [ [Dimethyl (1^ 1-dimethylethyl) silylloxy] methyl] - 
cyclobutyl] -1, 3 -propanediol 

Analogously to Example 44, 700 mg (1.57 mmol) of compound B 
that is presented according to Example 4 3 is reacted, and after 
working-up and purification, 250 mg (0.91 mmol, 58%) of the title 
compound is isolated. 

The coverage of the IH-NMR spectrum is identical to that 
described in Example 44. 

Example 4 7 

(R) -2^2-Dimethyl-4-[l-[ [ [dimethyl (1, 1- 

dimethy lethy 1 ) s i ly 1 [ oxy ] methyl ] cyclobutyl ] -1 / 3 -dioxane 

Analogously to Example 45, 250 mg (0.91 mmol) of the 
compound that is presented according to Exalnp^le~T6^is^ reacted , 
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and after working-up and purification, 228 mg (0.72 mmol, 60%) of 
the title compound is isolated. 

The coverage of. the IH-NMR spectrum is identical to that 
described in Example 45 • 

Example 48 

[Dimethyl (1^ l-dimethylethyl) silyl] oxy]methyl] cyclobutyl] - 
1, 3-propanediol 

Analogously to Example 44, 500 g (1.12 mmol) of a mixture of 
compounds A and B that are produced according to Example 43 is 
reacted, and after working-up and purification, 190 mg (0.69 
mmol, 62%) of the title compound is isolated. 

The coverage of the ^H-NMR spectrum is identical to that 
described in Example 44. 

Example 49 

2,2-Dimethyl-4-[l-[ [ [dimethyl (1, 1- 

dimethylethyl) silyl] oxy]methyl] cyclobutyl) -1/ 3-dioxane 

Analogously to Example 45, 190 mg (0.69 mmol) of the 
compound that is produced according to Example 4 8 is reacted, and 
after working-up and purification, 171 mg (0.54 mmol, 79%) of the 
title compound is isolated. 

The coverage of the ^H-NMR spectrum is identical to that 
described in Example 45. 



Exampl 5 0 

[lR-[la(3S*) ,26] ]-2-Phenylcycloh xyl 3-[l-[[[dim thyKl^l- 
dimethylethyl) silyl] oxy]methyl] cyclobutyl] -3-[ ( tetrahydro-2H- 
pyran-2 -y 1 ) oxy ] propanoat e 

Analogously to Example 1, 4 60 mg (1.03 mmol) of the compound 
that is presented according to Example 4 3 is reacted, and after 
working-up and purification, 398 mg (0.75 mmol, 73%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.01 (6H), 0.89 (9H), 1.24-1.97 (19H), 
2.15-2.27 {3H), 2.66 (IH), 3.12 (IH), 3.50 (2H) , 3.58 (IH), 3.98 
(IH) , 4.52 (IH), 4.87 (IH), 7.09-7.27 (5H) ppm. 

Example 51 

( S ) -3- [ 1- [ [ [Dimethyl (1,1- 

dimethylethyl) s ilyl] oxy] methyl] cyclobutyl] -3- [ (tetrahydro-2H- 
pyran-2-yl) oxy] propanoic acid 

42 0 mg (3.75 mmol) of potassium tert-butylate is suspended 
in 5 ml of diethyl ether. 16 fil of water is added, and it is 
allowed to stir for 5 more minutes. Then, a solution of 398 mg 
(0.75 mmol) of the compound, presented according to Example 50, 
in 5 ml of diethyl ether is added. It is allowed to stir for 3 
more hours. Then, the reaction solution is diluted with water 
and neutralized with 10% hydrochloric acid. It is extracted with 
dichloromethane, the organic phase is washed with saturated 
aqueous sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. Column chromatography 
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of the crude product on silica gel with a mixture of hexane/ 
ethyl acetate yields 112 mg (0.3 mmol) , 

^H-NMR (CDCI3) : S = 0.01 (6H) , 0.90 (9H) , 1.30-2.25 (lOH), 
3.12 (IH), 3.50 (2H) , 3.58 (IH), 3.98 (IH), 4.45 (IH) ppm. 

After the silyl protective group is cleaved by oxidation, 
the reaction product can be converted into aldehyde analogously 
to Example 9, brought to reaction with an organometallic compound 
such as, e.g., XMgCHR^^R^^, for example with ethylmagnesium 
bromide, analogously to Example 10, and converted by subsequent 
oxidation of the alcohol mixture that is obtained to compounds 
according to claim 1 analogously to Example 11. 

If the starting material 1 , 1-cyclobutanedicarboxylic acid 
diethyl ester is replaced in Example 4 0 by other 2 -substituted or 
2 , 2-disubstituted malonic ester derivatives, for example the 
following compounds can be produced analogously to Examjjles 9, 10 
and 40-51: 
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EKample 52 

(3S) -4, 4-Dimethyl-5-oxo-3- < tetrahydropyran-2-yloxy) -pent-l-en 

Analogously to Example 9, 5.0 g (23.3 itimol) of the compound 
that is presented according to Example 3 is reacted, and after 
working-up, 6.1 g of the title compound is isolated as a 
colorless oil, which is further reacted without purification. 

Example 53 

(3S, 5RS) -4, 4-Dimethyl-5-hydroxy-3- ( tetrahydropyran-2-yloxy) -hept- 
1-ene 

Analogously to Example 10, 6.1 g (max. 2 3.3 mmol) of the 
crude product that is presented according to Example 52 is 
reacted, and after working-up and purification, 1.59 g (6.56 
mmol, 28%) of the nonpolar diastereomer and 1,67 g (6.89 mmol, 
30%) of the polar diastereomer are isolated in each case as a 
colorless oil. 

''h-NMR (CDCI3) nonpolar isomer: 6 = 0.79 (3H) , 0.84 (3H) , 
1.03 (3H) , 1.23-1.62 (6H), 1.62-1.88 {2H), 3.41-3.58 (2H), 3.88- 
4.01 (2H), 4.08 (IH), 4,47 (IH), 5,20 (IH), 5,29 (IH), 5.78 (IH) 
ppm. 

^H-NMR (CDCI3) polar isomer: <S = 0.78 (3H) , 0.93 (3H) , 1,01 
(3H) , 1.38 (IH), 1.47-1,85 (7H) , 3.39-3.57 (3H), 3.90 (IH), 4.04 
(IH), 4.62 (IH), 5.21 (IH), 5.32 (IH), 5.69 (IH) ppm. 
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Example 54 

(3S, 5S) -4, 4-Dimethyl-3- ( tetrahydropyran-2-yloxy) -heptane-l, 5-diol 
and/or (3S, 5S) -4 , 4-dimethyl-3- ( tetrahydropyran-2-yloxy) -heptane- 
1,5-diol 

Analogously to Example 5, 1.59 g (6,56 rtiinol) of the nonpolar 
alcohol that is presented according to Example 53 is reacted, and 
after working-up, 1.14 g (4,38 mmol, 67%) of the title compound 
is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.78 (6H) , 1.01 (3H) , 1.28 (IH), 1.36- 
1.64 (6H) , 1.64-1.93 (4H) , 3.41-3.55 (2H) , 3.61-3.82 (2H), 387 
(IH), 3.99 (IH), 4.28 (IH), 4.56 (IH) ppm. 

Example 55 

(3S,5R or 5S)-l-Benzoyloxy-4,4-dimethyl-3=(tetrahydropyran-2- 
yloxy) -heptan-5-ol 

The solution of 1.04 g (3.99 mmol) of the compound, 
presented according to Example 54, in 20 ml of anhydrous pyridine 
is mixed under an atmosphere of dry argon with 476 /xl of benzoyl 
chloride, and it is stirred for 16 hours at 2 3°C. It is poured 
into a saturated sodium bicarbonate solution, extracted with 
dichloromethane and dried on sodium sulfate. The residue that is 
obtained after filtration and removal of the solvent is purified 
by chromatography on about 3 00 ml of fine silica gel with a 
gradient system that consists of n-hexane and ethyl acetate. 785 

-mg^(-2 .-15_mmol., -54_% ) of _jth.e_t ijt l_e_compo^^ as a 

colorless oil as well as 352 mg of starting material. 



^H-NMR (CDCI3) : ^ = 0.B3 (6K), 1.04 (3H) , 1.31 (IH), 1*38- 
1.58 (5H) , 1.74-1.99 (3H), 2.12 (IH), 3.40 (IH), 3.52 (IH), 3.90- 
4.03 (2H) , 4.28-4.56 (4H) , 7.45 (2H), 7.58 (IH), 8.05 (2H) ppm. 

Example 5 6 

(38) -l-Benzoyloxy-4, 4-dimethyl-3- (tetrahydropyran-2-yloxy) - 
heptan-5-one. 

Analogously to Example 11, 780 mg (2.14 mmol) of. the 
compound that is presented according to Example 55 is reacted, 
and after working-up and purification, 641 mg (1.77 mmol, 83%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 1.02 (3H), 1.11 (3H), 1.23 (3H) , 1.40- 
1.56 (4H), 1.65-1.87 (3H), 1.93 (IH)-, 2.59 (2H) , 3.36 (IH), 3.80 
(IH), 4.13 (IH), 4.32 (IH), 4.45 (IH), 4.53 (IH), 7.45 (2H) , 7.58 
(IH) , 8 . 05 (2H) ppm. 

Example 57 

(3S) -l-Hydroxy-4, 4-dimethyl-3- (tetrahydropyran-2-yloxy) -heptan-5- 
one 

The solution of 636 mg (1.75 mmol) of the compound, 
presented according to Example 56, in 2 5 ml of methanol is mixed 
with 738 mg of potassium carbonate and stirred for 2 hours at 
23°C. It is mixed with dichloromethane, filtered off, washed 
with water, and the organic phase is dried on sodium sulfate. 
The__res_iiiue J^h^t^ o^^^ filtration and removal of the 

solvent is purified by chromatography on about 100 ml of fine 
silica gel with a gradient system that consists of n-hexane and 
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ethyl acetate. 311 mg (1,20 mmol, 69%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.98 (3H) , 1.07 {3H) , 1.18 (3H) , 1.44- 
1.90 (lOH), 2.00 (IH), 3.50-3.68 (2H) , 3.74 (IH), 3.83-4.06 (2H) , 
4.79 (IH) ppm. 
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yroduction of the Components of General Formula A" with th 2- 
Oxazolidinone Auxiliary Group 

Starting Products 

A) 2 , 2-Dimethyl-3-oxopentanal 

Aa ) 4 - f 2 -Methv Ipr OP" 1-eny 1 ) morpho 1 ine 

43.6 g of morpholine is placed in a 250 ml round-bottom 
three-neck flask. While being cooled in an ice bath, 4 6 ml of 
isobutylaldehyde is added in drops at a temperature of 5°C over a 
period of 20 minutes. In this case, a sharp rise in temperature 
was noted (a strongly exothermic reaction) . Once the addition 
process had been completed, the feedstock is refluxed via a water 
separator for a period of four hours. The volume of the water 
separator is filled with isobutylaldehyde. 7.5 ml of H^Q is 
separated. Once the reaction has taken place, the reaction 
mixture is distilled in a vacuum. 

Oil bath temperature: 85°-9 0°C 

Main fraction m = 58.37 g 82.03% 

Boiling point: 59°C at 11 mbar 

Yield: 58.37 g 82.03% Aa) . 

A) 2 , 2-Dimethvl-3-oxopentanal 

The solution of 77.14 g of propionic acid chloride in 200 ml 
of ether p. a. is placed in a 1000 ml round-bottom three-neck 
flask-T — While-being_cjDoled J.n^an bath, a solution of 117.7 3 g 

of the compound obtained under Aa) in 200 ml of ether p. A. is ~ 
added in drops within 3 0 minutes at a reaction temperature of 
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o^'C^ Precipitation, a white . precipitate appears. Once the 
addition process is completed, the feedstock is boiled for 5 
hours under reflux and then stirred overnight at room 
temperature • The white precipitate that is produced, which is 
sensitive to moisture, is suctioned off, washed with ether, and 
dried in the oil pump. 

Crude product: m = 65.26 g of hydrochloride 

Post-precipitation can be observed in the filtrate. 

Crude product m = 35.49 g, total: m = 100.75 g. 

The 100.75 g of hydrochloride is dissolved in 150 ml of H2O. 
Then, the aqueous phase is adjusted to pH 0 5 overall with NaHCOj 
and then extracted four times with 150 ml of ether in each case. 
The organic phase is washed once with brine and then dried on 
Na2SO^. The ether is distilled off at normal pressure, and the 
residue is distilled in a vacuum on a small Vigreux column (6 
plates) . 

Main fraction: m = 29.65 g 27.75% 
Boiling point: 62°C at 15 mbar 
Yield: 29.65 g 27.75% A) 

B) 2 , 2-Dimethvl-3-oxo-butanal 
Execution analogous to A) . 

Feedstock: 58.37 g = 413.36 mmol of Aa) , M = 141.21 g/mol 
100 ml of diethyl ether p. A. 

3 2-. 45 g -=-4~13 .-38 -mmol-of-acetyl_chlor,ide.,^ -0_78 . 5_^g/mpl_ 

= 1.104 g/ml 
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100 ml of diethyl ether p. A. is stirred over the weekend at 
room temperature. 

Crude product m = 72.07 g of hydrochloride 

For working-up see Ab) 

Oil bath temperature: 75°C to 8 0°C 

Main fraction: m = 18.75 g 39.74% 

Boiling point: 50^C at 11 mbar 

Yield m = 18.7 g 39.6% B) 

C) 1- ( 1-Oxopropyl) cyclobutanecarbaldehyde 
Ca) 1 , 1-Cyclobutanedimethanol 

170 ml of a 1.2 molar solution of diisobutylaluminum hydride 
is added in drops to a solution of 20 g (100 mmol) of 1,1- 
cyclobutanedicarboxylic acid diethyl ester in 2 00 ml of absolute 
tetrahydrof uran at 0°C. It is allowed to stir for one more hour 
at 0°C, and then 3 0 ml of water is added. It is filtered on 
Celite. The filtrate is dried with sodium sulfate and 
concentrated by evaporation in a vacuum. The crude product that 
is obtained (9.9 g) is used without purification in the next 
step. 

Cb) 1-r r r Dimethyl ri. 1- 

d imeth V lethv 1 ) s i 1 v 1 1 oxy 1 me thy 1 ] cvc lobutanemethano 1 

A solution of 9.9 g of Ca) (85 mmol) in 100 ml of absolute 
--tetrahydrof uran- is_added_tjo^_suspens ion of 3 . 4 g of sodium 
hydride (60% in oil, 85 mmol)) in 35 ml of absolute 
tetrahydrof uran at O^^C . It is allowed to stir for 3 0 more 



minutes^ and then a solution of 12.8 g of tert-butyldiinethylsilyl 
chloride (85 mmol) in 50 ml of tetrahydrof uran is added. It is 
allowed to stir for one more hour at 25°C, and then the reaction 
mixture is poured onto saturated aqueous sodium bicarbonate 
solution. It is extracted with ethyl acetate. The organic phase 
is washed with saturated sodium chloride solution and dried on 
sodium sulfate. After the solvent is drawn off in a vacuum, the 
crude product that is obtained is purified by column 
chromatography on silica gel with a mixture of hexane/ethyl 
acetate. 13.5 g (69%) of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 0.04 (6H), 0.90 (9H) , 1.70-2.00 (6H) , 
3.70 (4H) ppm* 

Cc) 1- r r r Dimethyl f 1 , 1- 

dimethvlethvl) silylloxvlmethyllcyclobutanecarbaldehvde 
8 ml of oxalyl chloride is dissolved in 100 ml of 
dichloromethane. It is cooled to -78°C, and 13 ml of dimethyl 
sulfoxide is added. It is allowed to stir for 3 more minutes, 
and then a solution of 13.5 g of Cb) (58.6 mmol) in 80 ml of 
dichloromethane is added. After 15 more minutes of stirring 
time, 58 ml of triethylamine is added in drops. Then, it is 
allowed to heat to 0°C. Then, the reaction mixture is poured 
onto saturated sodium bicarbonate solution. It is extracted with 
dichloromethane, the organic phase is washed with saturated 
-sodium- chloride^ so luti^qn^,^^^^ sodium sulfate and 

concentrated by evaporation in a vacuum. After chromatography of 
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the crude product on silica gel with a mixture of hexane/ ethyl 
acetate, 7.7 g (58%) of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 0.03 (6H) , 0.90 (9H) , 1.85-2.00 (4H) , 
2.20-2.30 (2H), 3.83 (2H), 9.70 (IH) ppm. 

Cd) l-r r roimethvl f 1 . 1-dimethvlethvl) silvH oxvlmethvl 1 -a- 
ethvlcvclobutanemethanol 

A solution of 7.7 g (33.7 mmol) of the compound, described 
under Cc) , in 80 ml of tetrahydrof uran is added in drops at 0°C 
to 20 ml of a 2 molar solution of ethylmagnesium chloride (40 
inmol) in tetrahydrof uran. It is allowed to stir for 3 0 more 
minutes at 0°C, and then the reaction mixture is poured onto 
saturated ammonium chloride solution. It is extracted with ethyl 
acetate. The organic phase is washed with saturated sodium 
chloride solution and dried on sodium sulfate. After the solvent 
is drawn off, the crude product that is obtained is purified by 
column chromatography on silica gel. 7.93 g (91.5%) of the title 
compound is obtained. 

^H-NMR (CDCI3) : 6 = 0.09 s (6H), 0.90 s (9H) , 1.05 (3H), 
1.30-1.50 (3H), 1.70-1.90 (4H) , 2.09 (IH), 3.19 (IH), 3.46 (IH), 
3.72 (IH), 3.85 (IH) ppm. 

Ce) l-r l-r r r Dimethyl fl, l-dimethvlethvP silvlloxy l- 
methyl1cvclobut-l-yll -1-propanone 

6-ml- (85.7-mmol) _of^dimei^^ to 3.7 6 ml 

(43.8 mmol) of oxalyl chloride in 80 ml of dichloromethane at 



-78°C, It is allowed to stir for 3 more minutes and then a 
solution of 7.93 g (30.7 mmol) of the compound, described under 
Cd) , in 80 ml of dichloromethane is added. it is stirred for 15 
more minutes at -7 8°C. Then, a mixture of 19 ml (13 6 mmol) of 
triethylamine and 4 0 ml of dichloromethane is added in drops. It 
is allowed to heat to -2 5*^0 and stirred at this temperature for 
3 0 more minutes. Then, the reaction mixture is poured onto 
saturated ice-cooled sodium bicarbonate solution. It is 
extracted with dichloromethane. The organic phase is washed with 
saturated sodium chloride solution and dried on sodium sulfate. 
After the solvent is drawn off, the crude product that is 
obtained is filtered on silica gel. 7.87 g (100%) of the title 
compound is obta ined . 

^H-NMR (CDCI3) : 6 = 0.05 (6H), 0.88 (9H) , 1.04 (3H), 1.82- 
1.95 (4H), 2.33-2.47 (2H) , 2.45-2.54 (2H), 3.81 (2H) ppm. 

Cf) 1- r 1- f HydroxymethYl) cyclobut-l-y 11 -1-propanone 

7.87 g (30.7 mmol) of the compound that is described under 
Ce) is dissolved in 100 ml of tetrahydrof uran. 15 ml of a 1 
molar solution of tetrabutylammonium fluoride is added, and it is 
allowed to stir for 12 more hours at 25*^C. Then, the reaction 
mixture is poured onto saturated sodium bicarbonate solution. It 
is extracted with ethyl acetate. The organic phase is washed 
with saturated sodium chloride solution and dried on sodium 
sulfate^ After t^ solvent is drawn off, the crude product that 
is obtained is purified by column chromatography on silica gel. 
3 . 19 g (73.4%) of the title compound is obtained. 



^H-NMR (CDCI3) : 6 = 1.07 (3H) , 1.86-2.08 (4H), 2.32-2.40 
(2H) , 2.55-2.65 (2H), 3.88 (2H) ppin. 

C) 1- ( l-Oxopropyl) cyclobutanecarbaldehyde 

Analogously to Example Ce) , 3.14 g (100%) of the title 
compound is obtained by oxidation from 3.19 g (22.4 xiunol) of the 
compound that is described under Cf ) . 

^H-NMR (CDCI3) : 6 = 1.07 (3H) , 1.85-2.00 (2H) , 2.40-2.53 
(6H) , 9.70 (IH) ppm. 

Example 1: 

(R) -4 .4-Dimethvl-3-r3-r T dimethyl f 1 , l-dimethvlethvl> silvlloxvl-S- 
oxo-heptanoic acid 

0.17 ml of a 30% hydrogen peroxide solution is added at 0°C 
to a solution of 190 mg of the silyl ether, produced under 
Example Ic) , in 2 . 5 ml of a mixture of tetrahydrof uran and water 
at a 4 : 1 ratio. After 5 minutes of stirring, a solution of 15.8 
mg of lithium hydroxide in 0.83 ml of water is then added, and 
the reaction mixture is stirred for 3 hours at 25°C. Then, it is 
mixed with a solution of 208 mg of sodium sulfite in 1.24 ml of 
water and extracted with 10 ml of methylene chloride. The 
aqueous phase is set at pH = 1 with 5N hydrochloric acid and 
extracted three times with 10 ml of ethyl acetate each. After 
drying on sodium sulfate and filtration, it is concentrated by 
ey^por^ajtion_ J.n a_ vacuum. In addition, the above-mentioned 
methylene chloride phase is washed with 5N hydrochloric acid, and 
then this aqueous phase is extracted three times with 10 ml of 



ethyl acetate each. After drying on sodium sulfate and 
filtration, it is concentrated by evaporation in a vacuum, and an 
additional amount of crude product is obtained. The combined 
residues that are thus obtained are purified by chromatography on 
silica gel. In addition to 70 mg of ( 4R, 5S) -4-methyl-5- 
phenyloxazolidin-2-one, 93 mg of the title compound is obtained 
with hexane/0-50% ethyl acetate as a colorless oil. [a]jj = 
+15.5° (CHCI3) 

^H-NMR (CDCI3) : d = 0.03-0.08 (6H), 0.86 (9H) , 1.01 (3H) , 
1.10 (3H), 1.15 (3H) , 2.35 (IH), 2.4-2.7 (3H), 4.48 (IH) ppm. 

la) ( 4R, 5S) -3- f Bromoacetvl) -4-methvl-5-phenvloxazolidin-2-one 

117 ml of a 1.6 molar solution of butyllithium in hexane is 
added to a solution of 30.1 g of (4R, 5S) -4-methyl-5- 
phenyloxazolidin-2-one in 500 ml of tetrahydrof uran within 30 
minutes at -70°C under nitrogen. Then, a solution of 26.8 g of 
bromoacetyl chloride in 2 50 ml of tetrahydrof uran is added in 
drops in such a way that the temperature does not exceed -65°C. 
After 1.75 hours of stirring at -70°C, a saturated ammonium 
chloride solution is added, followed by 60 ml of a saturated 
sodium bicarbonate solution, and it is allowed to come to 25*^C. 
After the phases are separated, the aqueous phase is extracted 
twice with 100 ml of ether each. The combined organic phases are 
washed with semiconcentrated sodium chloride solution, dried on 
sodium sulfate and concentrated by evaporation in a vacuum after 
filtration. The residue that is thus obtained is purified by 
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Chromatography on silica gel. With hexane/0-50% ether, 3 4.8 g of 
the title compound is obtained as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.95 (3H), 4.57 {2H) , 4.80 (2H), 5.76 
(2H) , 7.2-7.5 (5H) ppm. 

lb) r4R-r3 (r") ,4a, 5a1 1 -3- f 4 . 4-Dimethvl-l . 5-dioxo-3- 
hvdroxvheptvl 1 -4-methYl-5-phenyl-oxazolidin-2-one 

218 mg of lithium iodide is added to a suspension of 5.0 g 
of anhydrous chromium (11) chloride in 60 ml of tetrahydrof uran 
under argon. Then, a mixture of 2.09 g of the 2 , 2-dimethyl-3- 
oxo-pentanol that is known in the literature (see under "Starting 
Products" Ab) and 5.34 g of the above-produced bromine compound 
in 10 ml of tetrahydrof uran are added. After 2 hours of reaction 
time, it is mixed with 3 0 ml of saturated sodium chloride 
solution and stirred for 15 minutes. The aqueous phase is 
extracted three times with 2 00 ml of ether each. The combined 
organic phases are washed with semiconcentrated sodium chloride 
solution, dried on sodium sulfate and concentrated by evaporation 
in a vacuum after filtration. The residue that is thus obtained 
is purified by chromatography on silica gel. With hexane/0-30% 
ethyl acetate, 1.55 g of the title compound is obtained as a 
colorless oil . 

^H-NMR (CDCI3) : 6 = 0.92 (3H), 1.06 (3H), 1.18 (3H), 1.23 
(3H), 2.58 (2H), 3.07 (2H) , 3.28 (IH), 4.35 (IH), 4.79 (IH), 5.70 
(2H) , 7.2-7.5 (5H) ppm. 
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ici r4R-r3 rR *> .4a,5a^ 1 -3 - f 4 . 4-Diinethvl-3- f fdimethvl f 1 . 1- 

diinethvl ethvl^ silvHoxvl -1 , S-dioxoheptvll -4-Tnethvl-5- 
phenvloxazolidin-2-one 

150 mg of 2,6-lutidine is added to a solution of 347 mg of 
the above-produced alcohol in 3 ml of methylene chloride under 
argon at -70°C. After 5 minutes of stirring, 344 mg of tert- 
butyldimethylsilyltrif luoromethane sulfonate is added, and it is 
stirred for another 4 5 minutes at -7 0°C. It is mixed with 1 ml 
of saturated sodium chloride solution and allowed to come to 

_^ 2 5°C. Then, it is diluted with ether, and the organic phase is 

washed with saturated sodium chloride solution. After drying on 

m sodium sulfate and filtration, it is concentrated by evaporation 

Li = 

ry in a vacuum. The residue that is thus obtained is purified by 

ry chromatography on silica gel. With hexane/0-30% ethyl acetate, 

p 192 mg of the title compound is obtained as a colorless 

LTl 

p crystalline compound with a melting point of 111-112°C. 

□ ^H-NMR (CDCI3) : S = 0.01-0.12 (6H) , 0.86 (9H) , 0.90 (3H), 

^ 1.00 (3H), 1.13 (3H), 1.17 (3H), 2.56 (2H), 3.05 (2H), 4,65-4.80 

(2H), 5.68 (IH), 7,2-7.5 (5H) ppm . 

Example 2 

f S) -4 , 4-Dimethvl -3- r 3- r fdimethvl ( 1 , 1-dimethvlethvl^ silvl 1 oxvl -5- 
oxo-heptanoic acid 

The compound is produced analogously to Example 1. As a 

— star-ting^product-,- (^48 , 5R-) -4--methya-5-~phenyloxazolidi^^ _ 

used. The coverage of NMR is identical to Example 1. [a]^ = - 
15.7° (CHCI3) 
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2aJ f 4S . 5R^ -3- f Bromoacetvl) -4-inethvl-5-phenvloxazolidin-2°one 

Production is carried out analogously to Example la) 
starting from (4S, 5R) -4-methyl-5-phenyloxazolidin-2-one. The 
coverage of NMR is identical to la) . 

Example 3 

(S)"3"r3-r rDimethvKl.l-dimethvDsilvnoxvl-a-ri-d- 
oxopropvl) cyclobut-l"vnpropanoic acid 

1.49 g (80%) of the title compound and 941 mg of recovered 
(4S, 5R) -4-methyl-5-phenyloxazolidin-2-one are obtained 
analogously to Example 1 from 2.79 g (5.9 mmol) of the compound 
that is described under 3b) . The title compound and the 
recovered chiral auxiliary can be separated by chromatography 
(analogously to Example 1) or else fractionated crystallization 
and then optionally purified by chromatography. 

^H-NMR (CDCI3) : 8 = 0.09 (3H) , 0.19 (3H), 0.90 (9H) , 1.08 
(3H), 1.70-2.00 (3H), 2.20-2.40 (4H) , 2.47 (IH), 2.50-2.70 (2H), 
4.45 (IH) ppm. 

3a) r 4S- r 3 (R*K 4a , 5a 1 1 -3- F 3-Hvdroxv-l-oxo-3- F 1- ( 1- 

oxopropvl) cvc lobut-l-vl1 propyl l-4-methvl-5-phenvloxazolidin-2-one 

Analogously to Example lb), 3.0 g (37.4%) of the title 
compound is obtained as a colorless oil from 3.14 g (22.4 mmol) 
of the compound that is described under C) , 9.7 g (78.8 mmol) of 
- anhydrous- chromium (^11) _ch lor ide_,_ 9 ^ 69^ g_ (J32^ of 2a) and 

3 00 mg (2.2 mmol) of anhydrous lithium iodide in tetrahydrof uran 
after column chromatography on silica gel. 
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^K-NT4R (CDCI3): 6 = 0.93 (3H), 1.10 (3H), 1.80-2,03 (2H), 
2.10-2.21 (IH), 2.26-2.35 (3H), 2.54-2.70 (2H) , 3.03-3.08 (2H) , 

3.34 (IH), 4.39 (IH), 4.74-4.85 (IH), 5.69 (IH), 7.27-7.34 (2H), 
7.36-7.49 (3H) ppm. 

3b) r4S-r3(R*^ .4a,5an-3-r rDiinethvKl, 1- 

dimethvlethvl) silvH oxvl -l-oxo-3- r 1- r 1-oxopropvl) cvclobut-1- 
vll propyl 1 -4 -methyl- 5-phenvloxazolidin-2 -one 

Analogously to Example Ic) , 2.79 g (70.6%) of the title 
compound is obtained from 3.0 g (8.35 mmol) of the compound that 
is described under Example 3a) , tert-butyldimethylsilyl- 
trif luoromethane sulfonate arid 2,6-lutidine after 
recrystallization from diisopropyl ether. 

^H-NMR (CDCI3) : 6 = 0.10 {3H) , 0.21 (3H), 0.92 (3H) , 0.95 
(9H), 1.10 (3H) , 1.70-1.92 (2H), 2.02-2.16 (IH), 2.20-2.40 (3H), 
2.50-2.72 (2H) , 2.98-3.10 (2H), 4.63-4.75 (IH), 5.69 (IH), 7.28- 

7.35 (2H), 7.36-7.48 (3H) ppm. 

Example 4 

fR) -3-r3-r r Dimethyl (1, 1-dimethyl) silvH oxy 1 -3- r 1- ( 1- 
oxopropylVcyclobut-l-yll propanoic acid 

The compound is produced analogously to Example 3. As a 
starting product, (4R, 5S) -3- (bromoacetyl) -4-methyl-5- 
phenyloxazolidin-2-one is used. 

The -coverage -Of. _the_NMR_^spe^tr^^ identical to Example 3. 



The stereochemistry in 3-position can be controlled by the 
selection of the stereochemistry at C4 and C5 of the chiral 
auxiliary 4-inethyl-5-phenyl-2-oxazolidone. 

The structure of intermediate product lb) was confirmed by 
an x-ray structural analysis. 

Examples of the Production of Component C 
Example 1 

(S) -Dihydro-3-hydroxy-2 (3H) -furanone 

10 g of L-(-) -malic acid is stirred in 45 ml of 
trif luoroacetic acid anhydride for 2 hours at 25°C, Then, it is 
concentrated by evaporation in a vacuum, 7 ml of methanol is 
added to the residue, and it is allowed to stir for 12 more 
hours. Then, it is concentrated by evaporation in a vacuum. The 
residue that is obtained is dissolved in 150 ml of absolute 
tetrahydrofuran. It is cooled to 0°C, and 150 ml of borane- 
tetrahydrof uran complex is added and allowed to stir for 2.5 
hours at 0°C, Then, 150 ml of methanol is added. It is allowed 
to stir for one more hour at room temperature and then 
concentrated by evaporation in a vacuum. The crude product that 
is obtained is dissolved in 80 ml of toluene. 5 g of Dowex^*^^ 
(activated, acidic) is added and refluxed for one hour. Then, 
Dowex^*^^ is filtered off, and the filtrate is concentrated by 
evaporation in a vacuum. The crude product that is obtained 
-{ 7^61- g , — 99 . 9% )— is— used-without pur if icat ion— in -the-next -step . 



Example 2 

(S) -Dihydro-3-[ [ ( 1, l-dimethylethyl) diphenylsilyl] oxy] -2 (3H> - 
furanone 

24 ml of tert-butyldiphenylsilyl chloride is added to a 
solution of 7 •SI g of the substance that is described under 
Example 1 and 10 g of imidazole in 100 ml of N,N- 
dimethylf ormamide. It is allowed to stir for two more hours at 
2 5°C, and then the reaction mixture is poured onto ice-cold 
saturated sodium bicarbonate solution. It is extracted with 
ethyl acetate, the organic phase is washed with saturated sodium 
chloride solution, dried on sodium sulfate and concentrated by 
evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl 
acetate, 13.4 g (52.8%) of the title compound is obtained. 

^H-NMR (CDCI3) : S = 7.72 (2H) , 7.70 (2H) , 7,40-7.50 (6H), 
4.30-4.42 (2H) , 4.01 (IH), 2.10-2.30 (2H), 1.11 (9H) ppm. 

Example 3 

(2RS,3S) -3-[ [ {1,1-Dimethylethyl) diphenylsilyl] oxy] tetrahydro-2- 
furanol 

80 ml of a 1 molar solution of diisobutylaluminum hydride in 
hexane is added at -78°C to a solution of 13.4 g of the 
substance, described under Example 2, in 150 ml of absolute 
tetrahydrofuran. It is stirred for 45 more minutes at -78°C and 

then quenched -with- water . It is-extracted— with -ethyl -acetate, 

the organic phase is washed with saturated sodium chloride 
solution, dried on sodium sulfate and concentrated by evaporation 



in a vacuum. 13,46 g (99.4%) of the title compound, which is 
used without purification in the next step, is obtained. 

Example 4 

(2RS,3S) -3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy]-l,4- 
pentanediol 

A solution of 13.46 g of the substance, described under 
Example 3, in 150 ml of absolute tetrahydrof uran is added in 
drops to 2 0 ml of a 3 molar solution of methylmagnesium chloride 
in tetrahydrof uran at 0°C. It is allowed to stir for one more 
hour at 0°C and then poured onto saturated aqueous ammonium 
chloride solution. It is extracted with ethyl acetate, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After column chromatography of the crude product on 
silica gel with a mixture of hexane/ethyl acetate, 11.42 g 
(81.6%) of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 7,65-7.75 (4H) , 7.40-7.55 (6H) , 5.20 
(IH), 4.30 (2H) , 3.70 (IH), 1.80 (2H), 1.05 (9H) ppm. 

Example 5 

(2RS,3S) -5-[ [Dimethyl (1, l-dimethylethyl) silyl]oxy] -3- [ [(1,1- 
dimethylethyl) diphenylsilyl]oxy] -2-pentanol 

4.9 g of tert-butyldimethylsilyl chloride is added to a 
-solution- of -11 . 42 _g_jDX_t^e substan^ that is described under 
Example lac, and 3.25 g of IH-imidazole in 120 ml of N,N- 
dimethylf ormamide. It is allowed to stir for 2 more hours at 



2 5°C, and then the reaction mixture is poured onto ice-cold, 
saturated sodium bicarbonate solution. It is extracted with 
ethyl acetate, the organic phase is washed with saturated sodium 
chloride solution, dried on sodium sulfate and concentrated by 
evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl 
acetate, 10.64 g (70.5%) of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 7.60-7.70 (4H) , 7.30-7.45 (6H), 3,70- 
3.80 (2H), 3.40 (IH), 3.00 (IH), 1.80 (IH), 1.60 (IH), 1.05-1.12 
(12H), 0.82 (9H), 0.02 (6H) ppm. 

Example 6 

(3S) -5-[ [Dimethyl(l,l-dimethylethyl)silyl]oxy]-3-[ [ (1, 1- 
dimethylethyl) diphenylsilyl] oxy] -2-pentanone 

13 ml of dimethyl sulfoxide is added to 7.37 ml of oxalyl 
chloride in 80 ml of dichloromethane at -78°C. It is allowed to 
stir for 3 more minutes, and then 10.4 6 g of the substance, 
described under Example 5, in 100 ml of dichloromethane, is 
added. After another 15 minutes of stirring time, 52 ml of 
triethylamine is added in drops. Then, it is allowed to heat to 
0*^C. Then, the reaction mixture is poured onto saturated sodium 
bicarbonate solution. It is extracted with dichloromethane, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 

vacuumT ^ Af ter~column"chromatography- of^-the crude- product _on 

silica gel with a mixture of hexane/ethyl acetate, 9.3 g (26.5% 



relative to the malic acid that is used) of the title compound is 
obtained. 

^H-NMR (CDCI3) : S = 7.60-7.70 (4H) , 7,32-7.50 (6H) , 4.25 
(IH), 3.72 (IH), 3.58 (IH), 2.05 (3H), 1,90 (IH), 1.75 (IH), 1.13 
(9H), 0.89 (9H), 0.01 (6H) ppm. 

Example 7 

(R) -Dihydro-3-hydroxy-2 (3H) -furanone 

10 g of D-(+) -malic acid is reacted analogously to Example 
1. 7.26 g of the title compound is obtained. The coverage of 
the ^H-NMR. spectrum is identical to 1. 

Example 8 

(R) -Dihydro-3-[ [ ( 1 , 1-dimethylethyl) diphenylsilyl ] oxy ] -2 ( 3H) - 
furanone 

Analogously to Example 2, 12 . 9 g of the title compound is 
obtained from 7.26 g of the substance that is described under 
Example 7, The coverage of the IH-NMR spectrum is identical to 
2 . 

Example 9 

( 2RS , 3R) -3- [ [ ( 1 , 1-Dimethy lethy 1 ) diphenylsilyl ] oxy ] tetrahydro-2- 
f uranol 

Analogously to Example 3, 12.95 g of the title compound is 
— obtained-from^l2-.-9--g_^of _the_subst,aji^ described under 

Example 8. The coverage of the ^H-NMR spectrum is identical to 



Example 10 

( 2RS , 3R) -3- [ [ ( 1 , l-Dimethylethyl) dipheny Isily 1 ] oxy ] -1 , 4- 
pentanediol 

Analogously to Example 4, 11 g of the title compound is 
obtained from 12.95 g of the substance that is described under 
Example 9. The coverage of the ^H-NMR spectrum is identical to 
4 . 

Example 11 

(2RS, 3R) -5- [ [Dimethyl (1, 1-dimethylethyl) silyl] oxy ] -3- [ [(1,1- 
dimethylethyl) diphenylsilyl ] oxy ] -2-pentanol 

Analogously to Example 5, 10.11 g of the title compound is 
obtained from 11 g of the substance that is described under 
Example 10. The coverage of the ^H-NMR spectrum is identical to 
5. 

Example 12 

(R)-5-[ [Dimethyl(l, 1-dimethylethyl) silyl ] oxy ] -3- [ [ (1, 1- 
dimethylethyl) diphenylsilyl]oxy ] -2-pentanone 

Analogously to Example 6, 8.85 g of the title compound is 
obtained from 10.11 g of the substance that is described under 
Example 11. The coverage of the ^H-NMR spectrum is identical to 



Example 13 

(3RS) -Dihydro-3-hydroxy-2 {3H) -furanone 

5 g of racemic malic acid is reacted analogously to Example 
1. 3 . 68 g of the title compound is obtained. The coverage of 
the ^H-NMR spectrum is identical to 1. 

Example 14 

(3RS) -Dihydro-3-[ [ ( 1 , 1-dimethylethyl) diphenylsilyl ] oxy ] -2 (3H) - 
furanone 

Analogously to Example 2, 6.5 g of the title compound is 
obtained from 3.68 g of the substance that is described under 
Example 13. The coverage of the ^H-NMR spectrum is identical to 
2. 

Example 15 

(2RS, 3RS) -3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy]tetrahydro-2- 
f uranol 

Analogously to Example 3, 6.51 g of the title compound is 
obtained from 6.5 g of the substance that is described under 
Example 14. The coverage of the ^H-NMR spectrum is identical to 
15. 

Example 16 

(2RS, 3RS) -3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy]-l,4- 

' pent aned i o 1 — 

Analogously to Example 4, 5 . 5 g of the title compound is 
obtained from 6.51 g of the substance that is described under 
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i!;xainple 15. The coverage of the ^H-NMR spectrum is identical to 
4 . 

Example 17 

(2RS, 3RS) -5-[ [Dimethyl ( 1, l-diethylethyl) silyl ] oxy ] -3- [ [ (1,1- 
dimethylethyl) diphenylsilyl] oxy ] -2-pentanol 

Analogously to Example 5, 5,05 g of the title compound is 
obtained from 5.5 g of the substance that is described under 
Example 16. The coverage of the ^H-NMR spectrum is identical to 
5. 

Example 18 

(3RS) -5-[ [Dimethyl (1, 1-dimethylethyl) silyl ] oxy ] -3- [ [ (1,1- 
dimethylethyl) diphenylsilyl] oxy ] -2-pentanone 

Analogously to Example 6, 4 . 3 g of the title compound is 
obtained from 5.05 g of the substance that is described under 
Example 17. The coverage of the ^H-NMR spectrum is identical to 
6. 

Example 19 

(E,3S)-l-[ [Dimethyl (1, 1-dimethylethyl) silyl]oxy] -3-[ [ (1^ 1- 
dimethylethyl) diphenylsilyl] oxy] -4-methyl-5- (2-methylthiazol-4- 
yl) -pent-4-ene 

The solution of 6.82 g of diethyl ( 2-methylthiazol-4- 
-y 1) methanephosphonate^in 3_0_0_ mj^_p^ anhydrous tetrahydrof uran is 
cooled- under an atmosphere of dry argon to -5°C, mixed with 16.2 



137 



ml of a 1.6 molar solution of n-butyllithium in n-hexane, allowed 
to heat to 2 3°C and stirred for 2 hours. Then, it is cooled to 
-78°C, the solution of 6.44 g (13.68 mmol) of the compound, 
presented according to Example 6, in 150 ml of tetrahydrof uran is 
added in drops, allowed to heat to 2 3°C and stirred for 16 hours. 
It is poured into saturated ammonium chloride solution, extracted 
several times with ethyl acetate, the combined organic extracts 
are washed with saturated sodium chloride solution and dried on 
sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent is purified by chromatography on fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 6.46 g (11.4 mmol, 83%; yield relative to the 
malic acid that is used: 22%) of the title compound is isolated 
as a colorless oil. 

^H-NMR (CDCI3) : S = -0.04 (6H) , 0.83 (9H) , 1.10 (9H) , 1.79 
(IH) , 1.90 (IH), 1.97 (3H), 2.51 (3H), 3.51 (2H) , 4.38 (IH), 6.22 
(IH), 6.74 (IH), 7.23-7.47 (6H), 7.63 (2H), 7.70 (2H) ppm. 

Example 2 0 

(E,3S) -3-[ [ (1^ l-DimethylethYl)diphenylsilyl]oxy]-4-methyl-5- (2- 
methylthiazol-4-yl) -pent-4-en-l-ol 

The solution of 4.79 g (8.46 mmol) of the compound, 
presented according to Example 19, in 48 ml of tetrahydrof uran is 
mixed with 48 ml of a 65:35:10 mixture of glacial acetic 
- aeid-/water/-tetrahydrpf uran^ and it is stirred for 2.5 days at 
23°C. It is poured into saturated sodium carbonate solution, 
extracted several times with ethyl acetate, the combined organic 
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extracts are washed with saturated sodium chloride solution and 
dried on sodium sulfate. The residue that is obtained after 
filtration and removal of the solvent is purified by 
chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate, 3,42 g (7.57 mmol, 90%) 
of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.10 (9H) , 1.53 (IH), 1.81 (2H), 1.96 
(3H), 2.71 (3H), 3.59 (2H), 4.41 (IH), 6.38 (IH), 6.78 (IH), 
7.26-7.49 (6H), 7.65 (2H), 7.72 (2H) ppm. 

Example 21 

(E, 3S) -l-Bromo-3-[ [ (1, 1-dimethylethyl) diphenylsilyl ] oxy ] -4- 
methyl-5- (2-methylthiazol-4-yl) -pent-4-ene 

The solution of 3 78 mg (0.84 mmol) of the compound, 
presented according to Example 20, in 9 ml of dichloromethane is 
mixed at 0°C under an atmosphere of dry argon with 90 /xl of 
pyridine, 439 mg of triphenylphosphine, and 556 mg of 
tetrabromomethane , and it is stirred for 1 hour at 0°C. The 
solution is chromatographed on fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate. 3 62 mg (0.7 
mmol, 84%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.09 (9H) , 1.95 (3H), 2.01-2.23 (2H) , 
2.71 (3H) , 3.15-3.35 (2H), 4.35 (IH), 6.30 (IH), 6.79 (IH), 7.25 
7.49 (6H) , 7.63 (2H), 7.69 {2H) ppm. 
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Example 22 

(E,3S) -l-Iodo-3-[ [ (1, 1-dimethylethyl) diphenylsilyl]oxy]-4-m thyl- 
5- (2-metliylthiazol-4-yl) -pent-4-ene 

The solution of 8.41 g of triphenylphosphine in 120 ml of 
dichloromethane is mixed at 2 3°C under an atmosphere of dry argon 
with 2.19 g of imidazole and 8,14 g of iodine, the solution of 
12.2 g (27.0 mmol) of the compound, presented according to 
Example 20, in 30 ml of dichloromethane is added in drops and 
stirred for 0.5 hour. The solution is chromatographed on fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 12.15 g (21.6 mmol, 80%) of the title compound is 
isolated as a colorless oil, 

^H-NMR (CDCI3) : 6 = 1.08 (9H) , 1.96 (3H), 2.10 (2H), 2.70 
(3H), 2.87-3.08 (2H), 4.24 (IH), 6.32 (IH), 6.79 (IH), 7.28-7,48 
(6H) , 7,60-7,72 (4H) ppm. 

Example 2 3 

(5E/3S) -[3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy]-4-methyl-5-(2- 
methylthia2ol-4-yl) -pent-4-en-l-yl] -triphenylphosphonium iodide 

The suspension of 12.55 g (22.3 mmol) of the compound that 
is presented according to Example 22, 85 g of triphenylphosphine 
and 11.6 ml of N-ethyldiisopropylamine is stirred under an 
atmosphere of dry argon for 16 hours at 8 0°C. After cooling, it 
is mixed with diethyl ether, filtered, and the residue is 
~rewa~sh~ed~ several' times with- diethy l--ether-and- r eery s tall ized -f rom 
ethyl acetate. 15.7 g (19.1 mmol, 74%) of the title compound is 
isolated as a crystalline solid. 




^K-NMR (CDCI3) : 6 = 1.07 (9H) , 1.68-1.92 (2H), 1.98 (3H), 
2.70 (3H), 2.93 (IH), 3.30 (IH), 4.53 (IH), 6.62 (IH), 7.03 (IH), 
7.23-7.47 (6H), 7.48-7.72 (16H), 7.73-7.85 (3H) ppm. 

Example 24 

(E, 3R) -l-[ [Dimethyl (1, l-diinethylethyl) silyl]oxy] -3-[ [(1,1- 
dimethylethyl) diphenylsilyl ] oxy ] -4-methyl-5- (2-methylthiazol-4- 
yl) -pent:-4-ene 

Analogously to Example 19, 8.56 g (80%) of the title 
compound is obtained from 8.85 g of the compound that is 
described under Example 12. The coverage of ^H-NMR is identical 
to 19. 

Example 2 5 

(E, 3R) -3-[ [ (1, 1-Dimethylethyl) diphenylsilyl] oxy] -4-methyl-5-( 2- 
methylthiazol-4-yl) -pent-4-en-l-ol 

Analogously to Example 20, 6.25 g (92%) of the title 
compound is obtained from 8.56 g of the compound that is 
described under Example 24. The coverage of ^H-NMR is identical 
to 20. 

Example 2 6 

(E,3R) -l-Iodo-3-[ [ (1, 1-dimethylethyl) diphenylsilyl] oxy] -4-methyl 
5- (2-methylthiazol-4— yl) -pent-4-ene 

^Analogousiy— to— Example -2 2 ,--6 . 2 2 -g- ( 80% )— of- the^ title 

compound is obtained from 6.25 g of the compound that is 
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described under Example 25. The coverage of the ^H-NMR spectrum 
is identical to 22. 

Example 27 

(5E, 3R) -[3-[ [ (1, 1-Dimethylethyl) -diphenylsilyl ] oxy ] -4-methyl-5- 
(2-methylthiazol-4-yl) -pent-4-en-l-yl ] -triphenylphosphonium 
iodide 

Analogously to Example 23, 1.36 g (70%) of the title 
compound is obtained from 6.22 g of the compound that is 
described under Example 26. The coverage of the ^H-NMR spectrum 
is identical to 23. 

Example 2 8 

(E , 3RS ) -1- [ [ Dimethyl ( 1 , 1-dimethylethyl) silyl ] oxy ] -3- [ [ ( 1 , 1- 
dimethylethyl) diphenylsilyl]oxy] -4-methyl-5- (2-methylthiazol-4- 
yl) -pent-4-ene 

Analogously to Example 19, 4.52 g (87%) of the title 
compound is obtained from 4.3 g of the compound that is described 
under Example 18. The coverage of the ^H-NMR spectrum is 
identical to 19. 

Example 2 9 

(E, 3RS) -3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy] -4-methyl-5-(2- 
methylthiazol-4-yl) -pent-4-en-l-ol 

^Analogously to Example 20, 3 . 16 g (88%) of the title 

compound is obtained from 4.52 g of the compound^^ha^l^i's ' 
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described under Example 28. The coverage of the ^H-NMR spectrum 
is identical to 20. 

Example 3 0 

(E, 3RS) -l-Iodo-3-[ [ (1, l-dimethYlethyl)diphenylsilyl]oxy]-4- 
methyl-5- (2-methylthiazol-4-yl) -pent-4-ene 

Analogously to Example 22, 3.34 g (85%) of the title 
compound is obtained from 3.16 g of the compound that is 
described under Example 25. The coverage of the ^H-NMR spectrum 
is identical to 22. 

Example 31 

(5E, 3RS) - [ 3- [ [ ( 1 , 1-Dimethylethyl) diphenylsilyl ] oxy ] -4-methyl-5- 
(2-methylthiazol-4-yl) -pent-4-en-l-yl ] -triphenylphosphonium 
iodide 

Analogously to Example 23, 4.35 g (77%) of the title 
compound is obtained from 3.34 g of the compound that is 
described under Example 26. The coverage of the ^H-NMR spectrum 
is identical to 23. 

Example 32 

(E, 38) -l-[ [Dimethyl (1, 1-dimethylethyl) silyl]oxy] -3-[ [ (1, 1- 
dimethylethyl) diphenylsilyl ] oxy ] -4-methyl-5- (2-pyridyl) -pent-4- 
ene 

Analogously to Example 19, 2 g (4.23 mmol) of the compound 
that is presented according to Example 6 is reacted with use of 
diethyl ( 2-pyridyl) methanephosphonate , and after working-up and 
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purification, 2 g (3*68 mmol, 87%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = -0.06 (6H), 0.80 (9H) , 1.09 (9H) , 1.81 
(IH), 1.90 (IH), 2.00 (3H) , 3.53 (2H), 4.40 (IH), 6.22 (IH), 6.99 
(IH), 7.06 (IH), 7.25-7.45 (6H), 7.58 (IH), 7.65-7.77 (4H), 8.58 
(IH) ppm. 

Example 33 

(E, 3S) -3- [ [ (1 , l-Dimethylethyl) diphenylsilyl] oxy ] -4-methyl-5- (2- 
pyridyl) -pent-4-en-l-ol 

Analogously to Example 20, 2 g (3.68 mmol) of the compound 
that is produced under Example 3 2 is reacted with a 65:35:10 
mixture of glacial acetic acid/water/tetrahydrof uran. After 
working-up, 1.38 g (3.20 mmol, 87%) of the title compound is 
obtained. 

^H-NMR (CDCI3) : 6 = 1,12 (9H) , 1.85 (2H), 2.00 (3H) , 3.62 
(2H), 4.5 (IH), 6.44 (IH), 7.03 (IH), 7.08 (IH), 7.25-7.48 (6H), 
7.59 (IH) , 7.65-7.77 (4H), 8.58 (IH) ppm. 

Example 34 

(Z,3S) [Dimethyl (1, l-dimethylethyl) silyl]oxy] -3-[ [ (1^1- 
dimethylethyl) diphenylsilyl] oxy] -4-methyl-5- (3-pyridyl) -pent-4- 
ene (A) and (E,3S) -1- [ [dimethyK 1, l-dimethylethyl) silyl] oxy] -3- 
[ [ (1, l-dimethylethyl) diphenylsilyl]oxy] -4-methyl-5- (3-pyridyl) - 
pent-4-ene (B) 

Analogously to Example 19, 4.8 g (10.2 mmol) of the compound 
that is presented according to Example 6 is reacted with use of 



diethyl (3-pyr idyl) inethanephosphonate. and after working-up and 
purification, 448 mg (0.82 mmol, 8%) of title compound A and 3.5 
g (6.41 mmol, 63%) of title compound B are isolated in each case 
as a colorless oil . 

^H-NMR (CDCI3) of A: S = -0.06 (6H) , 0.81 (9H), 1.01 (9H), 
1.75 (IH), 1.97 (4H) , 3.48 (2H), 4.83 (IH), 6.11 (IH), 6.97 (IH), 
7.11-7.30 (5H) , 7.30-7.39 (2H), 7.39-7.50 (4H), 8.08 (IH), 8.33 
(IH) ppm. 

^H-NMR (CDCI3) of B: S = -0.01 (6H) , 0.85 (9H) , 1.11 (9H) , 
1.78 (3H), 1.83 (IH), 1.97 (IH), 3.58 (2H), 4.42 (IH), 6.03 (IH), 
7.21 (IH), 7.28-7.50 (7H), 7.62-7.75 (4H) , 8.29 (IH), 8.41 (IH) 
ppm. 

Example 35 

(E, 3S) -3-[ [ (1^ 1-Dimethylethyl) diphenylsilyl]oxy] -4-methyl-5- (3- 
pyridyl) -pent-4-en-l-ol 

Analogously to Example 20, 3.5 g (6.41 mmol) of the compound 
that is produced under Example 34B is reacted with a 65:35:10 
mixture of glacial acetic acid/water / tetrahydrof uran . After 
purification, 2.1 g (4.86 mmol, 76%) is obtained. 

^H-NMR (CDCI3) : 6 = 1,12 (9H) , 1.75 (3H), 1.88 (2H) , 3.65 
(2H) , 4.45 (IH), 6.25 (IH), 7,21 (IH), 7.28-7.50 (7H), 7.60-7.75 
(4H) , 8.30 (IH) , 8.44 (IH) ppm. 



Example 3 6 

Analogously to Example 22, 1,98 g (75%) of the title 

compound is obtained from 2.1 g of the compound that is described 
under Example 35. 

^H-NMR (CDCI3) : S = 1.11 (9H) , 1.78 (3H), 2.17 (2H), 3,03 

(2H) , 4.29 (IH), 6.19 (IH), 7.22 (IH), 7.30-7.50 {7H) , 7.63-7.75 
(4H) , 8.32 (IH), 8.44 (IH) ppm. 

Example 3 7 

Analogously to Example 23, 2.35 g (80%) of the title 
compound is obtained from 1.98 g of the compound that is 
described under Example 36. 

^H-NMR (CDCI3) : S = 1.08 (9H) , 1.80 (3H), 3.27 (IH) , 3.56 
(IH) , 4.66 (IH), 6.52 (IH), 7.25-7.90 (27H), 8.35 (IH), 8.46 (IH) 
ppm. 

Example 38 

(Z, 3S) -l-[ [Dimethyl (1, 1-dimethylethyl) silyl ] oxy ] -3- [ [(1,1- 
dimethylethyl) diphenylsilyl ] oxy ] -4-methyl-5- (4-pyridyl) -pent-4- 
ene (A) and (E,3S)-l-[ [dimethyl(l, 1-dimethylethyl) silyl ] oxy ] -3- 
[ [ ( 1 , 1-dimethylethyl) diphenylsilyl] oxy ] -4-methyl-5- (4-pyridyl) - 
pent-4-ene (B) 

Analogously to Example 19, 4.59 g (9.75 mmol) of the 
compound that is produced according to Example 6 is reacted with 
_use_of„ di_ethy_l_(4^py^idyj.)jnet^ and after working-up 

and purification, 605 mg (1.11 mmol, 11%) of title compound A and 
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4.34 g (7.95 mmol, S2%) of title compound B are isolated in each 
case as a colorless oil, 

^H-NMR (CDCI3) of A: 6 = -0.05 (6H), 0.82 {9H) , 1.02 (9H) , 
1.78 (IH), 1.96 (3H), 3.48 (2H), 4.92 (IH), 6.08 (IH), 6.73 (2H) , 
7.20-7.30 (4H), 7.32-7.40 (2H) , 7.41-7.49 (4H) , 8.30 (2H) ppm. 

^H-NMR (CDCI3) of B: S = -0.04 (6H), 0.80 (9H) , 1.08 (9H) , 
1.78 (3H), 1.91 (IH), 3.55 (2H), 4.39 (IH), 6.02 (IH), 6.93 (2H) , 
7.26-7.48 (6H), 7.60-7.72 (4H) , 8.50 (2H) ppm. 

Example 39 

(E, 3S) -3- [ [ ( 1 , 1-Dimethylethyl) diphenylsilyl ] oxy ] -4-methyl-5- (4- 
pyridyl) -pent-4-en-l-ol 

Analogously to Example 20, 4.34 g (7.95 mmol) of the 
compound that is produced under Example 38B is reacted with a 
65:35:10 mixture of glacial acetic acid/water /tetrahydrofuran. 
After purification, 2.92 g (6,76 mmol, 85%) of the title compound 
is obtained. 

^H-NMR (CDCI3) : <S = 1.12 (9H), 1.78 (3H), 1.87 (2H), 3.65 
(2H), 4.42 (IH), 6.26 (IH), 6.97 (2H), 7.26-7.48 ( 6H) , -7 . 60-7 . 72 
(4H) , 8.52 (2H) ppm. 

Example 4 0 

Analogously to Example 22, 2,82 g (77%) of the title 
compound is obtained from 2,9 2 g (6.76 mmol) of the compound that 
is -deser-ibed under- Example^ 3 9. 
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^H-NMR (CDCI3) : 6 = 1.08 (6H), 1.78 (3H) , 2.15 (2H), 3.00 
(2H) , 4,26 (IH) , 6.17 (IH), 6.95 (2H), 7.30-7.50 (6H), 7.60-7.70 
(4H) , 8 . 50 (2H) ppm. 

Example 41 

Analogously to Example 23, 3 .27 g (4.06 mitiol, 78%) of the 
title compound is obtained from 2.82 g (5.21 mmol) of the 
compound that is described under Example 40. 

^H-NMR (CDCI3) : S = 1.09 (6H), 1.82 (3H) , 3.15 (IH), 3.50 
^ (IH), 4.65 (IH) , .6.53 (IH), 7.05 (2H), 7.25-7.48 (6H), 7.50-7.70 

m (4H) , 8.50 (2H) ppm. 

m 

I P 

nj 
m 

Ly 



148 



Production of the Epothilone Derivatives of General Formula I : 
Exeunple 1 

(4S,7R,8S,9S, 13 (2) , 16S (E) ) -4 , 8-Dihydroxy-7-ethyl-16- (l-methyl-2- 
(2-methyl-4*thiazolyl) ethenyl) -l-oxa-5, 5, 9, l3-tetramethyl- 
cyclohexadec-l3-ene-2 , 6-dione 

Example la 

(3S) -l-Oxa-2-oxo-3- (tetrahydropyran-2 (RS) -yloxy) -4, 4-dimethyl- 
cyclopentane 

The solution of 74,1 g (569 mmol) of D- (-) -pantolactone in 1 
1 of anhydrous dichloromethane is mixed with 102 ml of 3,4- 
dihydro-2H-pyran and 2 g of p-toluenesulf onic acid-pyridinium 
salt under an atmosphere of dry argon, and it is stirred for 16 
hours at 2 3°C, It is poured into a saturated sodium bicarbonate 
solution, and the organic phase is separated and dried on sodium 
sulfate. After filtration and removal of the solvent, the 
residue is chromatographed on about 5 kg of fine silica gel with 
a mixture of n-hexane and ethyl acetate. 119.6 g (558 mmol, 98%) 
of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.13 (3H), 1.22 (3H), 1.46-1.91 (6H), 
3.50-3.61 (IH) , 3.86 (IH), 3.92 (IH), 4.01 (IH), 4.16 (IH), 5.16 
(IH) ppm. 
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Example lb 

(2RS, 3S) -l-Oxa-2-hydroxy-3- ( tetrahydropyratt=2 {RS) -yloxy) -4 . 4- 
dimethyl-cyclopentane 

The solution of 117,5 g (548 mmol) of the compound, 
presented according to Example la, in 2 * 4 1 of anhydrous toluene 
is cooled under an atmosphere of dry argon to -7 0°C, mixed within 
1 hour with 540 ml of a 1.2 molar solution of diisobutyl aluminum 
hydride in toluene, and it is stirred for another 3 hours at 
-70°C, It is allowed to heat to -20°C, mixed with saturated 
ammonium chloride solution and water, and the precipitated 
aluminum salts are separated by filtration on Celite. The 
filtrate is washed with water and saturated sodium chloride 
solution and dried on magnesium sulfate. After filtration and 
removal of the solvent, 111,4 g (515 mmol, 94%) of the title 
compound is isolated as a colorless oil, which is further reacted 
without purification. 

IR(CHCl3) : 3480, 3013, 2950, 2874, 1262, 1133, 1074, 1026 
and 808 cm"\ 

Example Ic 

(3S) -2 , 2-Dimethyl-3- ( tetrahydropyran-2 (R) -yloxy) -pent-4-en-l-ol 
and (3S) -2 / 2 -dimethy 1-3- (tetrahydropyran-2 (S) -yloxy) -pent-4-en-l- 
ol 

The suspension of 295 g of methyl-tr ipheny Iphosphonium 
bromide in 2 . 5 1 of anhydrous tetrahydrof uran is mixed under an 

atmosphere o f ^Yy^af^^li^a t^^6 0°C- wi th--3-l-3~m 1- -of —a -2- 4^ mo lar 

solution of n-butyllithium in n-hexane, allowed to heat to 23°C, 



stirred for one more hour and cooled to 0°C- It is mixed with 
the solution of 66.2 g (306 mmol) of the compound, presented 
according to Example lb, in 2 50 ml of tetrahydrof uran, allowed to 
heat to 2 3°C and stirred for 18 hours. It is poured into a 
saturated sodium bicarbonate solution, extracted several times 
with dichloromethane, and the combined organic extracts are dried 
on sodium sulfate. After filtration and removal of the solvent, 
the residue is chromatographed on about 5 1 of fine silica gel 
with a gradient system that consists of n-hexane and ethyl 
acetate. 3 6.5 g (170 mmol, 56%) of the nonpolar THP-isomer of 
the title compound, 14.4 g (67.3 mmol, 22%) of the polar THP- 
isomer of the title compound, and 7.2 g (33.3 mmol; 11%) of the 
starting material are isolated in each case as a colorless oil. 
^H-NMR (CDCI3) , nonpolar isomer: 6 = 0.78 (3H) , 0.92 (3H) , 

1.41- 1.58 (4H) , 1.63-1.87 (2H), 3.18 (IH), 3.41 (IH), 3.48 (IH), 
3.68 (IH), 3.94 (IH), 4.00 (IH), 4.43 (IH), 5,19 (IH), 5.27 (IH), 
5.75 (IH) ppm. 

^H-NMR (CDCI3) , polar isomer: 6 = 0.83 (3H) , 0.93 (3H) , 

1.42- 1.87 (6H) , 2.76 (IH), 3.30 (IH), 3,45 (IH)., 3.58 (IH), 3.83 
(IH), 3.89 (IH), 4.65 (IH), 5.12-5.27 (2H), 5.92 (IH) ppm. 

Example Id 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 , 2-dimethyl-pentane-3- 
(tetrahydropyran-2-yloxy) -pent-4-ene 

The-solution-of— 59 .-3_g^(-2 7-7_-mmoX)_ of_Jthe -THP_^isomer^ mixture., 

presented according to Example Ic, in 1000 ml of anhydrous 
dimethylf ormamide is mixed under an atmosphere of dry argon with 



28 g of imidazole, 85 ml of tert-butyldiphenylchlorosilane, and 
it is stirred for 16 hours at 23°C. It is poured into water, 
extracted several times with dichloromethane, the combined 
organic extracts are washed with water and dried on sodium 
sulfate. After filtration and removal of the solvent, the 
residue is chromatographed on fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate. 106,7 g (236 
mmol, 85%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.89 (3H), 0,99 (3H), 1.08 (9H), 1.34- 
1.82 (6H) , 3.40 (IH), 3.51 (2H), 3.76 (IH), 4.02 (IH), 4.67 (IH), 
5.18 (IH) , 5.23 (IH), 5.68 (IH), 7.30-7.48 (6H), 7.60-7.73 (4H) 
ppm. 

Example le 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 ^ 2-dimethyl-3- 
(tetrahydropyran-2-yloxy) -pentan-5-ol 

The solution of 3.09 g (6.83 mmol) of the compound, 
presented according to Example Id, in 82 ml of tetrahydrof uran is 
mixed with 13 . 1 ml of a 1 molar solution of borane in 
tetrahydrof uran under an atmosphere of dry argon at 2 3°C, and it 
is allowed to react for 1 hour. Then, while being cooled with 
ice, it is mixed with 16.4 ml of a 5% sodium hydroxide solution 
as well as 8.2 ml of a 30% hydrogen peroxide solution, and it is 
stirred for another 3 0 minutes. It is poured into water, 
_ ^^i^^cted sev^era^^ ti^^ ethyl acetate, the combined organic 

extracts are washed with water and saturated sodium chloride 
solution and dried on magnesium sulfate. The residue that is 
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obtained after filtration and removal of the solvent is purified 
by chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate. 1.78 g (3.78 mmol, 55%) 
of the title compound is isolated as a chromatographically 
separable mixture of the two THP-epimeres, as well as 0.44 g 
(1.14 mmol, 17%) of the title compound of Example 6 in each case 
as a colorless oil. 

^H-NMR (CDCI3) , nonpolar THP-isomer: 6 = 0.80 (3H) , 0.88 
(3H), 1.10 (9H) , 1.18-1.80 (9H), 3.27 (IH), 3.39 (IH), 3.48 (IH), 
3.64 (IH), 3.83 (IH), 3.90-4.08 (2H), 4.49 (IH), 7.31-7.50 (6H), 
7.58-7.73 (4H) ppm. 

^H-NMR (CDCI3) , polar THP-isomer: 6 = 0.89 (3H) , 0.98 (3H) , 
1.08 (9H) , 1.36-1.60 (4H) , 1.62-1.79 (3H), 1.88 (IH), 2.03 (IH), 
3.37 (IH) , 3.50 (IH), 3.57 (IH), 3.62-3.83 (4H), 4.70 (IH), 7.30- 
7,48 (6H) , 7.61-7.73 (4H) ppm. 

Example if 

(3S) -1- (tert-Butyldiphenylsilyloxy) -2 , 2-dimethyl-3-hydroxy-pent- 
4-ene 

The solution of 106.7 g (236 mmol) of the compound, 
presented according to Example id, in 1.5 1 of anhydrous ethanol 
is mixed with 5.9 g of pyr idinium-p-toluenesulf onate under an 
atmosphere of dry argon, and it is heated for 6 hours to 50°C. 
After removal of the solvent, the residue is chromatographed on 
fine silica gel with a mixture of n-hexane and ethyl acetate. 
82.6 g (224 mmol, 95%) of the title compound is isolated~as"~a~ 



colorless oil, in which in addition about 5 g of ethoxy- 
tetrahydropyran is contained ♦ 

^H-NMR (CDCI3) of an analytic sample: S = 0,89 (6H) , 1,08 
(9H) , 3.45 (IH), 3.49 (IH), 3.58 (IH), 4.09 (IH), 5.21 (IH), 5.33 
(IH), 5.93 (IH) , 7.34-7.51 (6H), 7.63-7.73 (4H) ppm. 

Example Ig 

(3S) -1- ( tert-Butyldiphenylsilyloxy) -2 , 2-dimethyl-pentane-3 , 5-diol 

Analogously to Example le, the solution of 570 mg (1.55 
mmol) of the compound that is presented according to Example If 
is reacted, and after working-up and purification, 410 mg (1.06 
mmol, 68%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.82 (3H) , 0.93 (3H) , 1.08 (9H) , 1.56- 
1.79 (2H) , 3.11 (IH), 3.50 (2H) , 3.78-3.92 (3H), 4.02 (IH), 7.34- 
7.51 (6H) , 7.61-7.71 (4H) ppm. 

Example Ih 

4 (S) -[2-Methyl-l- (tert-butyldiphenylsilyloxy) -prop-2-yl] -2 , 2- 
dimethy 1" [1,3] dioxane 

The solution of 100 mg (0.212 mmol) of the compounds, 
presented according to Example le, in 2 , 6 ml of anhydrous acetone 
is mixed with 78.9 mg of copper (II) sulfate, a spatula tip full 
of p-toluenesulf onic acid-monohydrate under an atmosphere of dry 
argon, and it is stirred for 16 hours at 23°C. It is mixed with 
saturated sodium bicarbonate solution, extracted several times 
with diethyl ether, washed with saturated sodium chloride 
solution and dried on sodium sulfate. The residue that is 



obtained after filtration and removal of the solvent is purified 
by chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate. 24 mg (56 /imol, 27%) of 
the title compound is isolated as a colorless oil . 

^H-NMR (CDCI3) : 6 = 0.83 (3H), 0.89 (3H), 1.07 (9H) , 1.30 
(IH) , 1.36 (3H) , 1.44 (3H) , 1.71 (IH), 3.24 (IH), 3.62 (IH), 3.86 
(IH), 3 .91-4.03 , (2H) , 7.31-7.48 (6H) , 7.61-7.74 (4H) ppm. 

Variant II 

Analogously to Example Ih, 320 mg (0.88 mmol) of the 
compound that is presented according to Example Ig is reacted; 
variant 1, and after working-up and purification, 234 mg (0.548 
mmol, 62%) of the title compound is isolated. 

Variant III 

The solution of 5.60 g (14.5 mmol) of the compound, 
presented according to Example Ig, in 2 50 ml of anhydrous 
dichloromethane, is mixed with 10 ml of 2 , 2-dimethoxypropane and 
145 mg of camphor-lO-sulf onic acid under an atmosphere of dry 
argon, and it is stirred for 6 hours at 2 3°C. It is mixed with 
triethylamine, diluted with ethyl acetate, washed with saturated 
sodium bicarbonate solution and dried on sodium sulfate. After 
filtration and removal of the solvent, the residue is 
chromatographed on fine silica gel with a mixture of n-hexane and 

- ethyl- acetate 5-.,52_ jg^Xl2_.^ mr^^^ of the title compound is 

isolated as a colorless oil. 



Sxampla li 

( 48 ) -4 - ( 2 -Methy l-l-hydroxy-prop-2 -yl ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

The solution of 5.6 g (13.1 xnmol) of the compound, presented 
according to Example Ih, in 7 5 ml of anhydrous tetrahydrof uran is 
mixed with 3 9 ml of a 1 molar solution of tetrabutylammonium 
fluoride in tetrahydrof uran under an atmosphere of dry argon, and 
it is heated for 16 hours to 50°C. It is mixed with saturated 
sodium bicarbonate solution, extracted several times with ethyl 
acetate, washed with saturated sodium chloride solution and dried 
on sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent is purified by chromatography on fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 2.4 3 g (12.9 mmol, 99%) of the title compound is 

isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.87 (3H), 0.90 (3H), 1.35 (IH), 1.37 

(3H), 1.43 (3H) , 1.77 (IH) , 2.93 (IH), 3.36 (IH), 3.53 (IH), 3.79 

(IH), 3.87 (IH) , 3.96 (IH) ppm. 

Example Ik 

(4S) -4- (2-Methyl-l-oxo-prop-2-yl) -2, 2 -dimethyl- [1,3] dioxane 

The solution of 0.13 ml of oxalyl chloride in 5 . 7 ml of 
anhydrous dichloromethane is cooled under an atmosphere of dry 
argon to -70°C, mixed with 0,21 ml of dimethyl sulfoxide, the 
solution of 2 00 mg (1.06 mmol) of the compound, presented 
— according-to Example-li-,- in -5 .-7 -ml- of_-anhy-drous_dichlor_omet^ 
and it is stirred for 0.5 hour. Then, it is mixed with 0.65 ml 
of triethylamine, allowed to react for 1 hour at -3 0**C and mixed 



with n-hexane and saturated sodium bicarbonate solution. The 
organic phase is separated, the aqueous phase is extracted once 
more with n-hexane, the combined organic extracts are washed with 
water and dried on magnesium sulfate. The residue that is 
obtained after filtration and removal of the solvent is further 
reacted without purification. 

Example 11 

( 4S ) -4 - ( ( 3RS ) -2 -Methy 1-3 -hydroxy-hex-2 -y 1 ) -2 , 2 -dimethy 1- 
[l,3]dioxane 

The solution of 4 50 mg (2.42 mmol) of the compound, 
presented according to Example Ik, in 7 ml of anhydrous diethyl 
ether is mixed with 1.21 ml of a 2.4 molar solution of 
propylmagnesium bromide in diethyl ether under an atmosphere of 
dry argon at 0°C, allowed to heat to 23^C and stirred for 16 
hours. It is mixed with saturated ammonium chloride solution, 
the organic phase is separated and dried on sodium sulfate. The 
residue that is obtained after filtration and removal of the 
solvent is purified by chromatography on fine silica gel with a 
gradient system that consists of n-hexane and ethyl acetate. 244 
m'g~ (1.06 mmol, 44%) of the chromatographically separable 3R- and 
3S-epimeres of the title compound as well as 191 mg of the title 
compound that is described in Example li are isolated in each 
case as a colorless oil. 

^H-NMR (CDCI3) nonpolar isomer: 6 = 0.87 (3H), 0.89 (3H), 
0.94 (3H) , 1.25-1.52 (4H), 1.38 (3H), 1.45 (3H), 1.66 (IH), 1.85 
(IH) , 3.46 (IH), 3.80-4.02 (4H) ppm. 
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'H-NMR (CDCI3) polar isouier: 6 = 0.73 (3H) , 0.92 (3H) , 0.95 
(3H), 1.19-1.84 (6H), 1.37 (3H), 1.49 (3H), 3.49 (IH), 3.60 (IH), 
3.80-4.03 (3H) ppm. 

Example Im 

( 4S ) -4 - ( 2 -Methy 1-3 -oxo-hex-2 -y 1 )-2,2 -dimethyl- [ 1 / 3 ] dioxane 

The solution of 207 mg (0.90 mmol) of a mixture of the 
compound, presented according to Example 11, in 18 ml of 
anhydrous dichloromethane is mixed with molecular sieve (4A, 
about 2 0 spheres) , 176 mg of N-methylmorpholino-N-oxide and 18 mg 
of tetrapropylammonium perruthenate, and it is stirred for 16 
hours at 2 3°C under an atmosphere of dry argon. It is 
concentrated by evaporation, and the crude product that is 
obtained is purified by chromatography on about 100 ml of fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 18 5 mg (0.81 mmol, 90%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.88 (3H,), 1.04 (3H) , 1.12 (3H) , 1.22- 
1.37 (IH) , 1.31 (3H), 1.40 {3H), 1.48-1.71 (3H), 2.46 (2H), 3.83 
(IH), 3.96 (IH), 4.04 (IH) ppm. 

Example In 

4-Tert-butyldimethylsilyloxy-but-2-in-l-ol 

A solution of 175 g of tert-butyldimethylsilyl chloride in 
- 10_0_ml_ of j.ll jmi xtu re of hexane and dimethylf ormamide is slowly 
added in drops to a solution of 100 g of 2-butin-l-ol and 158 g 
of imidazole in 300 ml of dimethylf ormamide at 0°C under 
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nitrogen, and it is stirred for 2 hours at 0°C and for 16 hours 
at 22**C. The reaction mixture is diluted with 2.5 1 of ether, 
washed once with water, once with 5% sulfuric acid, once with 
water, once with saturated sodium bicarbonate solution and washed 
neutral with semi-saturated sodium chloride solution. After 
drying on sodium sulfate and filtration, it is concentrated by 
evaporation in a vacuum. The residue that is thus obtained is 
purified by chromatography on silica gel. 74.3 g of the title 
compound is obtained with hexane/0-40% ether as a colorless oil. 

IR (film): 3357, 2929, 2858, 1472, 1362, 1255, 1132, 1083, 
1015, 837, 778 am'\ 

Example lo 

(4R,5S, 2 'S) -4-Methyl-5-phenyl-3-[l-oxo-2-methyl-6- (tert- 
butyldimethylsilyloxy) -hex-4-in-l-yl] -2-oxazolidinone 

11.3 ml of lutidine is added to 21 g of a solution of silyl 
ether, produced according to Example In, in 12 5 ml of toluene 
under nitrogen. Then, it is cooled to -40^C, and 17.7 ml of 
trif luoromethanesulf onic acid anhydride is added in drops at this 
temperature. Then, it is diluted with 100 ml of hexane and 
stirred for 10 minutes. Under nitrogen via a reversing frit, 
this solution is added to a solution that was produced from 17.8 
g of hexamethyldisilazane in 140 ml of tetrahydrof uran with 73.5 
ml of a 1.6 M solution of butyllithium in hexane at -60**C (10 
--more_minutjes_of stj.r^ time) and 23.3 g of (4R, 53) -4-methyl"5- 
phenyl-3-propionyl-2-oxazolidinone in 62 ml of tetrahydrof uran 
(30 more minutes of stirring time) . It is allowed to stir for 
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one more hour at -60°C, then mixed v,'ith 6 ml of acetic acid in 5 
ml of tetrahydrof uran, and the reaction mixture is allowed to 
heat to 2 2°C. It is added to 80 ml of water and extracted three 
times with ether. The combined organic phases are washed twice 
with saturated sodium chloride solution and dried on sodium 
sulfate. After filtration, it is concentrated by evaporation in 
a vacuum. The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0-20% ether, 16.0 g of 
the title compound is obtained as a colorless oil. 

^H-NMR (CDCI3) : S = 0.10 (6H) , 0.90 (9H) , 0.92 (3H), 1.28 
(3H), 2.47 (IH), 2.61 (IH), 3.96 (IH), 4.26 (2H) , 4.78 (IH), 5.68 
(IH) , 7.31 (IH), 7.3-7.5 (3H) ppm. 

Example Ip 

(2S) -2-Methyl-6- ( tert-butyldimethylsilyloxy ) -4-hexinoic acid 
ethyl ester 

9.0 ml of titanium ( IV) ethy late is added to a solution of 
39.3 g of the alkylating product, produced according to Example 
lo, in 120 ml of ethanol under nitrogen, and it is refluxed for 4 
hours. The reaction mixture is concentrated by evaporation in a 
vacuum, and the residue is dissolved in 100 ml of ethyl acetate. 
3 ml of water is added, stirred for 20 minutes, precipitate is 
suctioned out, and it is rewashed well with ethyl acetate. The 
filtrate is concentrated by evaporation, mixed with 2 00 ml of 
hexane,__and precipitate filtered out. The precipitate is 
washed well with hexane. The filtrate is concentrated by 
evaporation in a vacuum, and the residue that is thus obtained is 
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purified foy chromatography on silica gel. With hexane/0-20% 
ether, 25-4 g of the title compound is obtained as a colorless 
oil, 

^H-NMR (CD2CI2) : 5 = 0,10 (3H), 0.90 (9H) , 1.2-1.3 (6H), 
2.37 (IH), 2.54 (IH), 2.60 (IH), 4.12 (2H) , 4.27 (2H) ppm. 

Example Iq 

(2S) -2-Methyl-6- ( tert-butyldimethylsilylcxy) -hexanoic acid ethyl 
ester 

A solution of 10.5 g of the ester, produced according to 
Example Ip, in 200 ml of ethyl acetate is mixed with 1 g of 10% 
palladium on carbon, and it is stirred for 3 hours at 22°C in a 
hydrogen atmosphere. Then, catalyst is filtered out, it is 
rewashed well with ethyl acetate, and the filtrate is 
concentrated by evaporation in a vacuum. The residue that is 
thus obtained is purified by chromatography on silica gel. With 
hexane/0-10% ether, 9.95 g of the title compound is obtained as 
colorless oil. 

^H-NMR (CD2CI2) : 6 == 0.01 (6H), 0.84 (9H) , 1.07 {3H), 1.18 
(3H), 1.2-1.7 (6H) , 2.38 (IH), 3.57 (2H), 4,05 (2H) ppm. 

Example Ir 

(2S) -2-Methyl-6- (tert-butyldimethylsilyloxy) -hexan-l-ol 

63 ml of a 1.2 M solution of diisobutylaluminum hydride in 
toluene is added to a solution of 9.94 g of the ester, produced 
according to Example iq, in 130 ml of toluene at -40°C under 
nitrogen, and it is stirred for 1 hour at this temperature. 



Then, 15 ml of isopropanol is carefully added, and after 10 
minutes, 30 ml of water is added, allowed to come to 22*^0, and it 
is stirred at this temperature for 2 hours. Precipitate is 
filtered out, it is rewashed well with ethyl acetate, and the 
filtrate is concentrated by evaporation in a vacuum. The residue 
that is thus obtained is purified by chromatography on silica 
gel. With hexane/0-30% ether, 7.9 g of the title compound is 
obtained as a colorless oil. L^^o "^.1° (c = 0.97, CHCI3) 

^H-NMR (CDCI3) : 6 = 0.07 (3H), 0.89 (9H) , 0.91 (3H), 1.0- 
1.7 (7H) , 3.48 (2H), 3.52 (2H) ppm. 

Example Is 

(2S) -2-Methyl-6- (tert-butyldimethylsilyloxy) -1- (tetrahydro-2H- 
pyran-2-yloxy) -hexane 

3.52 ml of dihydropyran, followed by 49 mg of p- 
toluenesulf onic acid-monohydrate, is added to 6.4 g of the 
alcohol, produced according to Example Ir, in 2 6 ml of methylene 
chloride at O^^C under argon. After 1.5 hours of stirring at 0*^C, 
it is mixed with 10 ml of saturated sodium bicarbonate solution 
and diluted with ether. The organic phase is washed twice with 
semi-saturated sodium chloride solution and dried on sodium 
sulfate. After filtration, it is concentrated by evaporation in 
a vacuum, and the residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0-5% ether, 4.75 g of 
tli^ title^ compound is obtained as a colorless oil. 



^H-riMR (CDCI3) : 6 = 0,05 (6H) , 0*89 (9H) , 0.92 (3H), l.O* 
1.9 (13H), 3.19 (IH), 3.50 (IH), 3.55-3.65 (3H) , 4.87 (IH), 4.57 
(IH) ppm. 

Example It 

(5S) -5-Methyl-6- (tetraliydro-2H-pyran-2-yloxy) -hexan-l-ol 

13.5 g of tetrabutyl ammonium fluoride trihydrate is added to 
a solution of 4 . 7 g of the THP-ether, produced according to 
Example Is, in 170 ml of tetrahydrof uran , under nitrogen, and it 
is stirred for 3 hours. Then, the reaction mixture is diluted 
with 800 ml of ether, and it is washed three times each with 20 
ml of semi-saturated sodium chloride solution and dried on sodium 
sulfate. After filtration, it is concentrated by evaporation in 
a vacuum, and the residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0-50% ethyl acetate, 
2.88 g of the title compound is obtained as a colorless oil. 

^H-NMR (CD2CI2) : <S = 0.90/0.92 (3H), 1.1-1.9 (13H), 3.18 
(IH), 3.40-3.65 (4H) , 3.82 (IH), 4.53 (IH) ppm. 

Example lu 

(5S) -5-Methyl-6- (tetrahydro-2H-pyran-2-yloxy ) -hexanal 

1.9 ml of dimethyl sulfoxide, dissolved in 7 ml of methylene 
chloride, is carefully added in drops to 1.08 ml of oxalyl 
chloride, dissolved in 10 ml of methylene chloride, under 
nitrogen at -70°C, and it is stirred for 10 minutes at this 
temperature. Then, a solution of 2 , 0 g of the alcohol, produced 
according to Example It, in 7 ml of methylene chloride is added 



in drops, and it is stirred for 2 hours between -60°C and -70°C* 
Then, 3*86 ml of triethylamine is added, and after 1 hour of 
stirring at -60°C, the reaction mixture is added to 3 0 ml of 
water. After phase separation, the aqueous phase is extracted 
twice with 3 0 ml of methylene chloride each. The combined 
organic phases are washed three times with saturated sodium 
chloride solution. After drying on sodium sulfate and 
filtration, it is concentrated by evaporation in a vacuum. 1.99 
g of the aldehyde, which is used without further purification, is 
obtained. 

Example iv 

(2RS, 6S) -6-Methyl-7- ( tetrahydro-2H-pyran-2-yloxy) -heptan-2-ol 

6.16 ml of a 3 M methylmagnesium bromide solution in ether 
is slowly added in drops to a solution of 1.98 g of the aldehyde, 
produced according to Example lu, in 3 0 ml of ether under 
nitrogen at 0°C. After 60 minutes, it is slowly poured onto 50 
ml of ice-cold saturated ammonium chloride solution and extracted 
three times with ether. The combined organic phases are washed 
once with water, and twice with saturated sodium chloride 
solution and dried on sodium sulfate. After filtration, it is 
concentrated by evaporation in a vacuum, and the residue that is 
thus obtained is purified by chromatography on silica gel. With 
hexane/0-60% ether, 1.57 g of the title compound is obtained as a 
colorless oil. 

^H-NMR CCD^CI^) : ~6 ~^~0 . 9 0 / oT9 3~ ('3liy7 1^ 5 ~(3H) , r.~^0-i 79 
(13H), 3.18 (IH), 3.4-3.6 (2H), 3.7-3.9 (2H), 4.53 (IH) ppm. 



Example Iw 

(2S, €RS) -2-M thyl-6- (t rt-butyl-diphenylsilyloxy) -1- (tetrahydro- 
2H-pyran-2-yloxy) -heptane 

2.13 ml of tert-butyldiphenylsilyl chloride is added to a 
solution of 1.57 g of alcohol, produced according to Example Iv, 
and 1.11 g of imidazole in 20 ml of dimethylf ormamide at 0°C 
under nitrogen, and it is stirred for 15 minutes at O^C and for 
16 hours at 22°C. The reaction mixture is diluted with 200 ml of 
ether, washed once with water, once with 10% sulfuric acid, once 
with saturated sodium bicarbonate solution and washed neutral 
with saturated sodium chloride solution. After drying on sodium 
sulfate and filtration, it is concentrated by evaporation in a 
vacuum. The residue that is thus obtained is purified by 
chromatography on silica gel. With hexane/0-10% ether, 2.87 g of 
the title compound is obtained as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.87/0.89 (3H), 1.04 (9H) , 0.9-1.9 

(16H) , 3.15 (IH) , 3.4-3.6 (2H) , 3.8-3.9 (2H) , 4.56 (IH), 7.3-7.5 

(6H) , 7 . 69 (4H) ppm. 

Example Ix 

(28, 6RS) -2-Methyl-6- ( tert-butyl-diphenylsilyloxy) -heptan-l-ol 

131 mg of pyridinium-p-toluenesulf onate is added to a 
solution of 2 . 3 g of silyl ether, produced according to Example 
Iw, in 100 ml of ethanol, and it is stirred for 4 hours at 40°C. 
Then, it is concentrated by evaporation in a vacuum, and the 
'res'i due" that is thus obtained is purified by chromatography on 



silica gel. With hexane/20% ether, 1.68 g of the title compound 
is obtained as a colorless oil. 

Example ly 

(2S, 6RS) -2-Methyl-6- ( tert-butyl-diphenylsilyloxy) -heptanal 

Analogously to Example lu, 2.13 g of the alcohol that is 
presented under Example Ix is oxidized, and after working-up and 
chromatographic purification, 2.10 g of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.00-1.12 (15H), 1.18-1.63 (6H) , 2.22 
(IH), 3.83 (IH) , 7.32-7.47 (6H), 7.61-7.72 (4H), 9.54 (IH) ppm. 

Example Iz 

(S) -Dihydro-3-hydroxy-2 (3H) -furanone 

10 g of L-(-) -malic acid is stirred in 45 ml of 
trif luoroacetic acid anhydride for 2 hours at 25°C. Then, it is 
concentrated by evaporation in a vacuum, 7 ml of methanol is 
added to the residue and allowed to stir for 12 more hours. 
Then, it is concentrated by evaporation in a vacuum. The residue 
that is obtained is dissolved in 150 ml of absolute 
tetrahydrofuran . It is cooled to O^C , and 150 ml of borane- 
tetrahydrof uran complex is added and allowed to stir for 2.5 
hours at 0°C. Then, 150 ml of methanol is added. It is allowed 
to stir for one more hour at room temperature and then 
concentrated by evaporation in a vacuum. The crude product that 
is obtained is dissolved in 80 ml of toluene. 5 g of Dowex##^ ^~ 
(activated, acidic) is added and refluxed for one hour. Then, 
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Dowex### is filtered off, and the filtrate is concentrated by 
evaporation in a vacuum. The crude product that is obtained 
(7.61 g) is used without purification in the next step. 

Example laa 

(S) -Dihydro-3-[ [ (1^ 1-dimethylethyl) diphenylsilyl] oxy ] -2 (3H) - 
furanone 

24 ml of tert-butyldiphenylsilyl chloride is added to a 
solution of 7.61 g of the substance that is described under 
Example Iz and 10 g of imidazole in 100 ml of N,N- 
dimethylf ormamide. It is allowed to stir for two more hours at 
25°C, and then the reaction mixture is poured onto ice-cold 
saturated sodium bicarbonate solution. It is extracted with 
jij ethyl acetate, the organic phase is washed with saturated sodium 

i=s chloride solution, dried on sodium sulfate and concentrated by 

LP 

p evaporation in a vacuum. After column chromatography of the 

^ crude product on silica gel with a mixture of hexane/ethyl 

^ acetate, 13.4 g of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 7.72 (2H), 7.70 (2H), 7.40-7.50 (6H), 
4.30-4.42 (2H) , 4.01 (IH), 2.10-2.30 (2H), 1.11 (9H) ppm. 



Mi 



Example lab 

(2RS,3S) -3-[ [ (1, 1-Dimethylethyl) diphenylsilyl ] oxy] tetrahydro-2- 
furanol 

80 ml of a 1 molar solution of diisobutylaluminum hydride in 
hexane is added at -78°C to a solution of 13.4 g of the 
substance, described under Example laa, in 150 ml of absolute 
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tetrahydrof uran . It is stirred for 45 more minutes at -78°C and 
then quenched with water. It is extracted with ethyl acetate, 
the organic phase is washed with saturated sodium chloride 
solution, dried on sodium sulfate and concentrated by evaporation 
in a vacuum, 13.46 g of the title compound, which is used 
without purification in the next step, is obtained. 

Example lac 

(2RS,3S) -3-[ [ (1, 1-Dimethylethyl) diphenylsilyl]oxy]-l, 4- 
pentanediol 

A solution of 13,46 g of the substance, described under 
Example lab, in 150 ml of absolute tetrahydrof uran is added in 
drops to 2 0 ml of a 3 molar solution of methylmagnesium chloride 
in tetrahydrof uran at 0°C. It is allowed to stir for one more 
hour at 0°C and then poured onto saturated aqueous ammonium 
chloride solution. It is extracted with ethyl acetate, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After column chromatography of the crude product on 
silica gel with a mixture of hexane/ethyl acetate, 11.42 g of the 
title compound is obtained, 

^H-NMR (CDCI3) : <S = 7,65-7.75 (4H), 7.40-7.55 (6H), 5.20 
(IH), 4,30 (2H), 3-70 (IH), 1,80 (2H), 1.05 (9H) ppm. 
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Example lad 

(2RS^3S) -5-[ [Dimethyl (1, l"dimethylethyl) silyl]oxy] -3- [ [ {1,1- 
dimethylethyl) diphenylsilyl]oxy] -2-pentanol 

4.9 g of tert-butyldimethylsilyl chloride is added to a 
solution of 11.42 g of the substance that is described under 
Example lac, and 3.25 g of IH-imidazole in 120 ml of N,N- 
dimethylf ormamide. It is allowed to stir for 2 more hours at 
2 5°C, and then the reaction mixture is poured onto ice-cold, 
saturated sodium bicarbonate solution. It is extracted with 
ethyl acetate, the organic phase is washed with saturated sodium 
chloride solution, dried on sodium sulfate and concentrated by 
evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl 
acetate, 10.64 g of the title compound is obtained. 

^H-NMR (CDCI3) : S = 7.60-7.70 (4H) , 7.30-7.45 (6H), 3.70- 
3.80 (2H), 3.40 (IH), 3.00 (IH), 1.80 (IH), 1.60 (IH), 1.05-1.12 
(12H), 0.82 (9H) , 0.02 (6H) ppm. 

Example lae 

(3S ) -5- [ [Dimethyl (1, 1-dimethylethyl ) silyl ] oxy ] -3- [ [ (1, 1- 
dimethylethyl) diphenylsilyl] oxy] -2-pentanone 

13 ml of dimethyl sulfoxide is added to 7.37 ml of oxalyl 
chloride in 80 ml of dichloromethane at -78°C. It is allowed to 
stir for 3 more minutes, and then 10.4 6 g of the substance, 
described under Example lad, in 100 ml of dichloromethane, is 
adlled.~ After another 15 minutes of stirring time, 52 ml of 
triethylamine is added in drops. Then, it is allowed to heat to 
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0°C. Then, the reaction mixture is poured onto saturated sodium 
bicarbonate solution. It is extracted with dichloromethane, the 
organic phase is washed with saturated sodium chloride solution, 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After column chromatography of the crude product on 
silica gel with a mixture of hexane/ethyl acetate, 9.3 g of the 
title compound is obtained. 

^H-NMR (CDCI3) : 6 = 7.60-7.70 (4H), 7.32-7.50 (6H) , 4.25 
(IH), 3.72 (IH), 3.58 (IH), 2.05 (3H), 1.90 (IH), 1.75 (IH), 1.13 
(9H) , 0.89 (9H) , 0,01 (6H) ppm . 

Example laf 

(E, 38) [Dimethyl (1,1-dimethylethyl) silyl] oxy ] -3- [ [ (1,1- 
diraethylethyl) diphenylsilyl]oxy] -4-methyl-5- (2-methylthiazol-4- 
yl) -pent-4-ene 

The solution of 6.82 g of diethyl (2-methy lthiazol-4- 
yl)methanephosphonate in 3 00 ml of anhydrous tetrahydrof uran is 
cooled under an atmosphere of dry argon to -5°C, mixed with 16.2 
ml of a 1.6 molar solution of n-butyllithium in n-hexane, allowed 
to heat to 2 3°C and stirred for 2 hours. Then, it is cooled to 
-78^C, the solution of 6.44 g (13.68 mmol) of the compound, 
presented according to Example lae, in 150 ml of tetrahydrof uran 
is added in drops, allowed to heat to 2 3*^C and stirred for 16 
hours. It is poured into saturated ammonium chloride solution, 
extracted several times with ethyl acetate, the combined organic 
extracts are washed with saturated sodium chloride solution and 
dried on sodium sulfate. The residue that is obtained after 



170 



filtration and removal of the solvent is purified by 
chromatography on fine silica gel with a gradient system that 
consists of n-hexane and ethyl acetate. 6.46 g (11.4 mmol, 83%) 
of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = -0.04 (6H), 0.83 (9H) , 1.10 (9H) , 1.79 
(IH), 1.90 (IH), 1.97 (3H), 2.51 (3H) , 3.51 (2H), 4.38 (IH), 6.22 
(IH) , 6.74 (IH), 7.23-7.47 (6H), 7.63 (2H), 7.70 (2H) ppm. 

Example lag 

(E, 3S) -3-[ [ (1^ 1-Dimethylethyl) diphenylsilyl]oxy]-4-methyl-5- (2- 
methylthiazol-4-yl) -pent-4-en-l-ol 

The solution of 4.79 g (8.46 mmol) of the compound, 
presented according to Example laf, in 4 8 ml of tetrahydrof uran 
is mixed with 48 ml of a 65:35:10 mixture of glacial acetic 
acid/water/tetrahydrofuran and stirred for 2.5 days at 23°C. It 
is poured into saturated sodium carbonate solution, extracted 
several times with ethyl acetate, the combined organic extracts 
are washed with saturated sodium chloride solution and dried on 
sodium sulfate. The residue that is obtained after filtration 
and removal of the solvent is purified by chromatography on fine 
silica gel with a gradient system that consists of n-hexane and 
ethyl acetate. 3.42 g (7.57 mmol, 90%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 1.10 (9H), 1.53 (IH), 1.81 (2H), 1.96 
{3H) , 2.71 (3H), 3.59 (2H), 4-41 (IH), 6.38 (IH), 6.78 (IH), * 



Example lah 

(E/ 3S) -l-lodo-3-[ [ (1^ i-dimethylethyl) diphenylsilyl] oxy ] -4-methyl- 
5- (2-methyltliiazol-4-yl) -pent-4-ene 

The solution of 8.41 g of triphenylphosphine in 120 ml of 
dichloromethane is mixed at 2 3°C under an atmosphere of dry argon 
with 2^19 g of imidazole, 8.14 g of iodine, the solution of 12.2 
g (27.0 mmol) of the compound, presented according to Example 
lag, in 3 0 ml of dichloromethane is added in drops and stirred 
for 0.5 hour. The solution is chromatographed on fine silica gel 
with a gradient system that consists of n-hexane and ethyl 
acetate. 12.15 g (21.6 mmol, 80%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 1.08 (9H) , 1.96 (3H), 2.10 (2H) , 2.70 , 
(3H), 2.87-3.08 (2H), 4.24 (IH), 6.32 (IH), 6.79 (IH), 7.28-7.48 
(6H), 7.60-7.72 (4H) ppm. 

Example lai 

(5E, 3S) - [ 3- [ [ (1^ 1-Dimethylethyl) diphenylsilyl] oxy] -4-methyl-5- (2- 
methylthiazol-4-yl) -pent-4-en-l-yl] -tripheny Iphosphonium iodide 

The suspension of 12.55 g (22.3 mmol) of the compound that 
is presented according to Example lah, 8 5 g of triphenylphosphine 
and 11.6 ml of N-ethyldiisopropylamine is stirred under an 
atmosphere of dry argon for 16 hours at 80°C. After cooling, it 
is mixed with diethyl ether, filtered, and the residue is 
rewashed several times with diethyl ether and recrystallized from 
ethyl acetate. 15.7 g (19.1 mmol, 74%) of the title compound is 
isolated as a crystalline solid. 



^H-NMR (CDCI3) : 6 = 1.07 (9H) , 1.68-1.92 (2H), 1.98 (3H) , 
2.70 (3H), 2.93 (IH), 3.30 (IH), 4.53 (IH), 6.62 (IH), 7.03 (IH), 
7.23-7.47 (6H), 7,48-7.72 (16H), 7.73-7.85 (3H) ppm. 

Example lak 

(4S {4R,5S^ 6S, lORS) ) -4- ( 2 , 6-Dimethyl-lO- [ [ (1/ 1- 

dimethylethyl) diphenylsilyl]oxy] -4-ethyl-5-hydroxy-3-oxo-undec-2- 
yl) -2 , 2 -dimethyl- [1, 3] dioxane (A) and 
(4S (4S, 5R, 6S, lORS) ) -4- (2 , 6-dimethyl-lO- [ [(1,1- 

dimethylethyl) diphenylsilyl]oxy] -4-ethyl-5-hydroxy-3-oxo-undec-2- 
yl) -2 ,2-dimethyl-[l^ 3]dioxane (B) 

The solution of 1.96 ml of diisopropylamine in 44 ml of 
anhydrous tetrahydrof uran is cooled under an atmosphere of dry 
argon to -30°C, mixed with 6.28 ml of a 2.4 molar solution of n- 
butyllithium in n-hexane and stirred for 15 more minutes. At 
-78°C, the solution of 3,08 g (13.47 mmol) of the compound, 
presented according to Example Im, in 44 ml of tetrahydrof uran is 
added in drops, and it is allowed to react for 1 hour. Then, it 
is mixed with the solution of 5.77 g (15.1 mmol) of the compound, 
presented according to Example ly, in 44 ml of tetrahydrof uran 
and poured after 4 5 minutes into saturated ammonium chloride 
solution. It is diluted with water, extracted several times with 
ethyl acetate, the combined organic extracts are washed with 
saturated sodium chloride solution, dried on sodium sulfate and 
concent^rated by evaporation in a vacuum. After column 
chromatography on silica gel with a gradient system that consists 
of n-hexane and ethyl acetate, in addition to 13% starting 



material, 4,03 g (5.92 xnxnol, 44%) of title compound A and 1.58 g 
(2,32 mmol, 17%) of a diastereomer B are obtained, 

^H-NMR (CDCI3) of A: <S = 0.79 (3H) 0.85 (3H), 0.90-1.10 
(16H), 1.19-1.79 (lOH), 1.26 (3H), 1.32 (3H), 1.38 (3H), 2.79 
(IH), 3.18 (IH), 3.42 (IH), 3.78-3.92 (2H), 3.98 (IH), 4.17 (IH) 

7.30- 7.46 (6H) , 7.62-7.72 (4H) ppm. 

^H-NMR (CDCI3) of B: 6 = 0.83 (3H) , 0.91 (3H), 0.94-1.12 
(16H), 1.19 (3H) , 1.15-1.80 (lOH), 1.31 (3H), 1.41 (3H), 2.54 
(IH), 3.18 (IH) , 3.47 (IH), 3.78-3.91 (2H), 3.97 (IH), 4.14 (IH) 

7.31- 7.47 (6H) , 7.62-7.73 (4H) ppm. 

Example lal 

(4S (4R, 5S, 6S, ICRS) ) -4- (2 , 6-Dimethyl-lO- [ [ (1/ 1- 
dimethylethyl) diphenylsilyl]oxy] -4-ethyl-3-oxo-5- 
( t etrahydropyran-2 -y loxy ) -undec-2 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxane 

Analogously to Example la, the solution of 4.02 g (6.58 
mmol) of the compound that is presented according to Example lak 
is reacted, and after working-up and purification, 4.2 6 g (6.13 
mmol, 93%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.67-1.97 (47H), 3.02 + 3.12 (IH), 3.38 
(IH) , 3.48-4.04 (5H) , 4.18+4.26 (IH), 4.42+4.50 (IH), 7.30-7.46 
(6H) , 7.61-7.72 (4H) ppm. 



Example lam 

(4S (4R, 5S, 6S, lORS) ) -4- (2 , 6-Dimethyl-4 -ethyl-10-hydroxy-3-oxo-5- 
( tetrahydropyran-2 -y loxy ) -undec-2 -y 1 ) -2,2 -dimethyl- [ 1 / 3 ] dioxane 

Analogously to Example li, the solution of 4.26 g (6.13 
mmol) of the compound that is presented according to Example lal 
is reacted^ and after working-up and purification, 2.38 g (5.21 
mmol, 85%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.78+0.84 (3H), 0.92-1.10 (6H), 1.13- 
1.98 (29H) , 2.43 (IH), 3.06+3,18 (IH), 3,42 (IH), 3.60-4.04 (5H) 
4.21+4.28 (IH) , 4.42+4.54 (IH) ppm , 

Example Ian 

(4S (4R, 5S, 6S) ) -4- (3, lO-Dioxo-2 , 6-dimethyl-4-ethyl-5- 

( tetrahydropyran-2 -y loxy ) -undec-2 -yl ) -2,2 -dimethyl- [ 1 / 3 ] dioxan 

Analogously to Example Im, the solution of 2.49 g (5.45 
mmol) of the compound that is presented according to Example lam 
is reacted, and after working-up and purification, 2.24 g (4.93 
mmol, 90%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.78 + 0.86 (3H) , 0,90-1.37 (15H), 1.37- 
1.95 (15H), 2.13 (3H), 2.42 (2H), 3.07+3.18 (IH), 3.42 (IH) , 
3.60-4,04 (4H) , 4.22+4.27 (IH), 4.41+4.53 (IH) ppm. 



Example lao 

(4S (4R, 5S, 6S, lOE/Z/ 13S^ 14E) ) -4 - ( 13- [ [ ( 1 ^ 1- 
Dimethylethyl) dimethylsilyl] oxy ] -4-ethyl-15- (2-methyl-4- 
thiazolyl) -3-oxo-5- ( tetrahydropyran-2-yloxy ) -2 , 6, lo, 14- 
tetramethyl-pentadeca-10/ 14-dien-2-yl) -2 , 2-dimethyl- [1, 3 ]dioxane 

The suspension of 4.9 2 g (5.97 minol) of the compound 
(5E, 3S) -[3-[ [ (1, l-dimethylethyl)diinethylsilyl]oxy]-4-inethyl-5-(2- 
methyl-thiazol-4-yl) -pent-4-en-l-yl ] -triphenylphosphonium iodide, 
presented analogously to Example lai, in 14 ml of anhydrous 
tetrahydrof uran is mixed at 0°C under an atmosphere of dry argon 
with 5.96 ml of a 1 M solution of sodium-bis- (trimethylsilyl) - 
amide in tetrahydrof uran and allowed to heat to 23®C. The 
solution of 877 mg (1.93 mmol) of the compound, presented 
according to Example lan, in 14 ml of tetrahydrof uran is added in 
drops to the red solution, allowed to stir for 2 hours, poured 
onto saturated ammonium chloride solution and extracted several 
times with ethyl acetate. The combined organic extracts are 
dried on sodium sulfate and concentrated by evaporation in a 
vacuum. After column chromatography on silica gel with a 
gradient system that consists of n-hexane and ethyl acetate, in 
addition to 29% starting material, 732 mg (0.98 mmol, 51%) of the 
title compound is obtained. 

^H-NMR (CDCI3) : <S = 0.01 (3H), 0.05 {3H), 0.79 (3H), 0.81- 
1.02 (6H) , 0.90 (9H) , 1.04-1.38 (IIH), 1.38-2.08 (19H), 1.60 
_(3H) , 2.01 (3H) , 2.16-2.34 (2H), 2.72 (3H), 3,06 + 3.17 (IH), 

3.42 (IH) , 3.68 (IH) , 3.80-4.03 ( 3h17 4~^3-4T 3T"l2H) 7~ 4^46+4- 54 

(IH), 5.13 (IH), 6.45 (IH), 6.92 (IH) ppm. 



Example lap 

<3S^6R,7S,8S, 12E/z^ 15S^ 16E) -6-Ethyl-l7- ( 2 -methy 1-4-thiazolyl) -5- 
oxo-4 ,4,8,12, 16-pentaixiethyl-heptadeca-l2 , 16-diene-l , 3,7, 15- 
tetraol (A) and 

(3S, 6R, 7S,8S, 12E/Z, 15S, 16E) -15- [ [(1,1- 

dimethylethyl) dimethylsilyl] oxy] -6-ethyl-l7- (2 -methy 1-4- 
thiazolyl ) -5-OXO-4 ,4,8,12, 16-pentamethy l-heptadeca-12 , 16-dien - 
1,3,7-triol (B) 

Analogously to Example If, the solution of 732 mg (0*98 
mmol) of the compound that is presented according to Example lao 
is reacted, and after working-up and purification, 98 mg (0.19 
mmol, 20%) of title compound A and 380 mg (0.61 mmol, 62%) of 
title compound B are isolated in each case as a colorless oil. 

^H-NMR (CDCI3) of A: <S = 0.79-0.95 (6H), 0.98-1.19 (4H), 
1.21-1.86 (15H), 1.92-2,17 (5H), 2.33 (2H), 2.74 {3H), 2,87-3.23 
(3H), 3.31-3.50 (IH), 3,65-3.92 (3H), 4.05-4.20 (2H), 5.10-5.25 
(IH), 6,53 (IH), 6.96 (IH) ppm . 

^H-NMR (CDCI3) of B: 6 = 0.01+0.05 (6H), 0.80-0.96 (15H), 
1.01-1.17 (4H) , 1.20-1.68 (4H), 1.68-1.90 (lOH), 1.90-2.16 (5H), 
2.25 (2H), 2.73+2.77 (3H), 2.91 (IH), 3.19 (IH), 3.42 (IH), 3.61 
(IH), 3.79-3.93 {3H), 3.99-4.19 (2H), 5.10+5.20 (IH), 6.42 (IH), 
6.94 (IH) ppm. 



Example laq 

(3S^ 6R,7S^8S, 12E/Z, 15S, 16E) -6-Ethy 1-17 - (2 -methy 1-4 -thiazoly 1) - 
4, 4,8, 12, 16-pentamethyl-l, 3 , 7 , 15-tetrakis- [ [dimethyl (1,1- 
dimethylethyl) silyl] oxy] -heptadeca-12 , l6-dien-5-one 

The solution of 520 mg (about 0.86 mmol) of a mixture of 
compounds A and B, presented according to Example lap, in 2 5 ml 
of anhydrous dichloromethane is cooled under an atmosphere of dry 
argon to -78°C, mixed with 2.6 ml of 2,6-lutidine and 2.57 ml of 
trif luoromethanesulf onic acid-tert-butyldimethylsilyl ester and 
stirred for 16 hours. It is poured into saturated sodium 
bicarbonate solution and extracted several times with 
dichloromethane. The combined organic extracts are dried on 
sodium sulfate and concentrated by evaporation in a vacuum. 
After column chromatography on silica gel with a gradient system 
that consists of n-hexane and ethyl acetate, 1.14 g (max. 0.86 
mmol, max. 100%) of the title compound, which also contains 
silanol, is isolated. 

^H-NMR (CDCI3) of an analytically purified sample: ^H-NMR 
(CDCI3) 6 = -0.04-0.11 (24H) , 0.78-0.96 (42H) , 1.13 (3H), 1.20 
(3H) , 1 . 02-1. 65 (6H) , 1.58+1.68 (3H), 1.72 (IH), 1.88-2.07 (2H), 
2.00 (3H), 2.23 (2H), 2.71 (3H), 3.01 (IH), 3.52-3.73 (2H), 3.82 
(IH) ,* 3.91 (IH), 4.09 (IH) , 5.13 (IH), 6.45 (IH), 6.91 (IH) ppm . 
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Exampl lar 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E) -3 ^ 7 , 15-6-Ethyl-tr is- [ [dimethyl ( 1, 1- 
dimethylethyl) silyl]oxy] -l-hydroxy-17- (2-methyl-4-thiazolyl) - 
A, 4,8/ 12, 16-pentamethyl-heptadeca-12 , 16-dien-5-one 

The solution of 1 . 14 g (max. 0 • 86 mmol) of the compound, 
presented according to Example laq, in a mixture of 8 ml of 
dichloromethane and 8 ml of methanol is mixed at 0°C under an 
atmosphere of dry argon with 2 04 mg of camphor-lO-sulf onic acid, 
allowed to heat to 23°C and stirred for 1.5 more hours. It is 
mixed with triethylamine , poured into a saturated sodium 
bicarbonate solution and extracted several times with 
dichloromethane. The combined organic extracts are dried on 
sodium sulfate and concentrated by evaporation in a vacuum. 
After column chromatography on fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate, 618 mg (0.78 
mmol, 90%) of the title compound is isolated. 

^H-NMR (CDCI3) : 6 = -0.02-0.13 (18H), 0,77-0.98 (33H), 
1.01-1.80 (lOH) , 1.08 (3H) , 1.19 (3H), 1.55+1.66 (3H), 1.74-2.05 
(2H) , 2.00 (3H) , 2.25 (2H), 2.70 (3H), 3.00 (IH), 3.68 (2H), 3.8 
(IH), 4.08 (2H) , 5.14 (IH), 6.44 (IH), 6.90 (IH) ppm. 

Example las 

(3S, 6R/ 7S/8S, 12E/Z, 15S, 16E) -6-Ethy 1-3 , 7 , 15 -tr is- [ [dimethyl(l, 1- 
dimethylethyl) silyl]oxy] -4 , 4 , 8 , 12 , l6-pentamethyl-l7- (2-methyl-4- 
thiazolyl) -5-oxo-heptadeca-l2 , 16-dienal 

Analogously to Example IkT, 5"10"^mg (0 . 6~4^mmol-) — of— the 

compound that is presented according to Example lar is reacted. 
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and after working-up, 545 mg (max, 0,64 mmol) of the title 
compound is isolated as a crude product, which is further reacted 
without purification. 

Example lat 

(3S, 6R^7S,8S, 12E/Z^ 16E) -6-Ethy 1-3 , 7 , 15-tr is- [ [dimethyK 1, 1- 
dimethylethyl) silyl]oxy] -4, 4,e, 12, 16-pentamethyl-17- (2-methyl-4- 
thiazolyl) -5-oxo-heptadeca-12 , 16-dienoic acid 

The solution of 54 5 mg (max. 0.64 mmol) of the compound, 
presented according to Example las, in 15 ml of acetone is cooled 
to -30°C, mixed with 460 fil of a standardized, 8N chromosulf uric 
acid solution and stirred for 1 hour. It is poured into a 
mixture of water and diethyl ether, the organic phase is washed 
with saturated sodium chloride solution and dried on sodium 
sulfate. After filtration and removal of the solvent, 410 mg 
(0.47 mmol, 74% relative to the educt in Example las) of the 
title compounds, which can be chromatographically separated, is 
isolated as a pale yellow oil. 

^H-NMR (CDCI3) of the Z-isomer: S = -0.02-0.15 (18H), 0.80- 
0.95 (33H), 1.03-2.28 (12H), 1.17 {3H), 1.18 {3H), 1.69 (3H), 
1.96 (3H) , 2.35 (IH), 2.54 (IH), 2.71 (3H), 3.03 (IH), 3.81 (IH), 
4.16 (IH), 4.41 (IH), 5.20 (IH), 6.53 (IH), 6.94 (IH) ppm. 

^H-NMR (CDCI3) of the E-isomer: 6 = -0.03-0.16 (18H), 0.79- 
0,95 {33H), 0.99-2.06 (lOH), 1.17 (3H), 1.19 (3H), 1.57 (3H), 
^ 1.97 ( 3H ) , 2 ^ 6_( 2ti) , 2^32 J^IH) ,_2 .61 (IH) , 2.70 ( 3H) , 3.09 ( IH) , 
3,85 (IH) , 4.09 (IH), 4.36 (IH), 5.12 (IH), 6.48 ( IH) , 6.94 (IH) 
ppm. 
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Example lau 

( 3S / 6R, 7S, 8S ^ 12E/Z,15S^16E) -3, 7 -Bis- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -15-hydroxy-6-ethyl-17- (2-methyl-4- 
thiazolyl) -5-oxo-4 , 4 , 8 , 12 , 16-pentamethyl-heptadeca-l2 , 16-dienoic 
acid 

Variant I: 

The solution of 310 mg (0,36 mmol) of the acid, presented 
according to Example lat, in 3 0 ml of anhydrous tetrahydrof uran, 
is mixed under an atmosphere of dry argon with 500 /xl of a 
hydrogen f luoride-pyridine complex and 7.1 ml of a 1.1 M solution 
of tetrabutylammonium fluoride in tetrahydrof uran, and it is 
stirred for 3 days at 50°C, It is poured into a saturated 
ammonium chloride solution, extracted several times with ethyl 
acetate, the combined organic extracts are washed with saturated 
sodium chloride solution and dried on sodium sulfate. After 
filtration and removal of the solvent, the residue is purified by 
chromatography on about 200 ml of fine silica gel with a gradient 
system that consists of dichloromethane and methanol. 125 mg 
(max. 0.24 mmol, max. 66%), which also contains 
tetrabutylammonium salts, is isolated. 

Variant II: 

Analogously to Example It, 3 2 mg (37 /imol) of the acid that 
is presented according to Example lat is reacted, and after 
working-up and purification, 16 mg (31 m^oI, 83%) of the title 
compound is isolated as a colorless oil. 
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^H-NMR (CDCI3) of the Z-isomer: 6 = 0,01-0.14 (12H), 0.80- 

0.99 (24H) , 1.02-1.67 (7H) , 1.18 (3H), 1.19 (3H), 1.70 (IH), 1.73 

{3H), 1.97 (IH), 2.01 (3H), 2.14 (IH), 2.27-2.40 (3H), 2.53 (IH), 

2.71 (3H) , 2.81 (IH), 3.01 (IH), 3.82 (IH), 4.17 (IH), 4.48 (IH), 

5.19 (IH), 6.69 (IH), 6.95 (IH) ppm. 

^H-NMR (CDCI3) of the E-isomer: 6 = -0.02-0.11 (12H) , 0.73- 

0.95 (24H) , 1.00-1.63 (7H) , 1.12 (3H), 1.17 {3H), 1.60 (3H), 1.71 

(IH), 1.89-2.06 (2H), 2.00 (3H), 2.22-2.39 (3H), 2.53 (IH), 2.69 

(3H), 2.79 (IH), 3.02 (IH), 3.79 (IH), 4.15 (IH), 4.34 (IH), 5.15 

(IH), 6.56 (IH), 6.92 (IH) ppm. 



Example law 

(4S,7R,8S, 9S, 13E/2, 16S (E) ) -4,8-Bis-[ [dimethyK 1 , 1- 
dlmethylethyl) silyl]oxy] -7-ethyl-16- (l-methyl-2- (2-metliyl-4- 
thiazolyl) ethenyl) -l-oxa-5, 5^ 9 , 13-tetramethyl-cyclohexadec-13- 
ene-2 , 6-dione 

The solution of 55 mg (73 /zmol) of the compound, presented 
according to Example lau, in 0.8 ml of anhydrous tetrahydrof uran 
is mixed with 46 ^1 of tf iethylamine and 44 ^1 of 2,4,6- 
trichlorobenzoyl chloride under an atmosphere of dry argon, and 
it is stirred for 20 minutes. It is diluted with 20 ml of 
tetrahydrof uran, mixed with 68 mg of 4-dimethy laminopyridine and 
stirred for 3 0 minutes at 2 3°C. It is concentrated by 
evaporation, taken up in a little dichloromethane and purified by 
chromatography on 100 ml of fine silica gel with a gradient 
system that consists of n-hexane and ethyl acetate- 49 mg (65 
Atmol, 89%) of the title compound is isolated as a colorless oil. 
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^H-NMR (CDCI3) of the Z-isomer: 6 = -0.12 (3H), 0,08 (3H) , 
0,10 (3H), 0,13 (3H), 0.73 (3H), 0,79-1.78 (7H) , 0.85 (9H), 0.93 
(9H), 0.99 (3H), 1.10 (3H), 1.18 (3H), 1,67 (3H), 1.88 (IH), 2.05 
(IH), 2.09 (3H), 2.45 (IH), 2.54-2.74 (2H), 2.69 (3H), 2.77 (IH), 
3.08 (IH), 4.00 (2H), 4,56 (IH), 5.16 (IH), 6.56 (IH), 6.95 (IH) 
ppm. 

''h-NMR (CDCI3) of the E-isomer: S = 0,02-0.16 (12H), 0.78- 
1.00 {24H), 1,09 (3H), 1,14-1.93 (8H), 1.20 (3H), 1.59 (3H), 
2.09-2.21 (IH), 2.13 {3H), 2.39 (IH), 2.43-2.64 (3H), 2.70 (3H) , 
2.98 (IH), 3.95 (IH), 4.40 (IH), 5.21 (IH),. 5.29,(1H), 6.51 (IH) , 
6.92 (IH) ppm. 

Example 1 

(4S,7R,8S,9S, 13Z, 16S (E) ) -4 ^ 8-Dihydroxy-7 -ethyl-16- (l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5 , 9 , 13-tetramethyl- 
cycloliexadec-l3-ene-2 , 6-dione (A) and 

(4S,7R,8S, 9S^ 13E, 16S (E) ) -4 , 8-dihydroxy-7 -ethyl-16- (l-methyl-2- ( 2- 
methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5, 9, 13-tetramethyl- 
cyclohexadec-l3-ene-2, 6-dione (B) 

The solution of 48 mg (64 M^nol) of the compound, presented 
according to Example law, in 3 ml of anhydrous dichloromethane , 
is mixed at -20°C under an atmosphere of dry argon with 220 /xl of 
an approximately 20% tr if luoroacet ic acid, and it is stirred for 
1 hour. It is poured into a saturated sodium bicarbonate 
_solutioji^ extracted with dichloromethane, and the organic phase 
is dried on sodium sulfate. After filtration and removal of the 
solvent, the residue is purified by repeated chromatography on 
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analytical thin-layer plates. As a mobile solvent, ~a mixture of 
n-hexane and ethyl acetate is used ; as an eluant , ethyl acetate 
is used. 13 mg (25 fimol , 39%) of title compound A and 12 mg (23 
/Ltmol, 36%) of title compound B are isolated in each case as a 
colorless oil . 

^H-NMR (CDCI3) of A: S = 0.89 (3H), 1.04 (3H), 1.09 (3H), 
1.19-1.94 (8H) , 1.33 (3H), 1.70 (3H), 2.07 (3H), 2.15-2.33 (2H), 
2.38 (IH), 2.44-2.74 (3H), 2.70 (3H), 3.23 (IH), 3.62 (IH), 3.72 
(IH), 4.24 (IH), 5.12 (IH), 5.22 (IH), 6.57 (IH), 6.95 (IH) ppm. 

^H-NMR (CDCI3) Of B: <S = 0.84 (3H), 1.01 (6H), 1.29 (3H) , 
1.38-2.00 (8H), 1.61 (3H), 2.07 (3H), 2.20 (IH), 2.22-2.50 (3H), 
2.58 (IH), 2.70 (3H), 3.37 (IH), 3.73 (IH), 4.02 (IH), 4.12 (IH), 
4.41 (lH),-5.05 (IH), 5.38 (IH), 6.57 (IH), 6.99 (IH) ppm. 

Example 2 

(1S,3S (E) ,7S, lOR^ lis, 12S^ 16R) -7 , ll-Dihydroxy-3- ( l-methYl-2 - ( 2 - 
methYl-4-thia2olYl) ethenyl) -lO-ethvl-8 , 8 , 12 , 16-tetramethvl-4 . 17- 
dioxabicYclo f 14 « 1 , 0] heptadecane-5 , 9-dione (A) and 
(IR, 3S (E) , 7S, lOR, 11S> 128, 16S) -7 , ll-dihydroxy-S - ( l-methvl-2 - ( 2 - 
methvl-4-thiazolYl) ethenyl) -lO-ethyl-8 , 8 , 12 , l6-tetramethYl-4 , 17- 
dioxabicvclo r 14 • 1, 01heptadecane-5,9-dione (B) 

The solution of 10 mg (19 ^Ltrnol) of compound A, presented 
according to Example 1, in 1 ml of dichloromethane is mixed under 
an atmosphere of dry argon at -10*^C with 10 mg of an 
approximately 80% meta-chloroperbenzoic acid, and it is stirred 

for 4 hours ~at~ 0°CT I t^rs^-pour ed— i nt o- -a- saturated _sj3dium 

bicarbonate solution, extracted with dichloromethane, and the 
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organic phase is dried on sodium sulfate. After filtration and 
removal of the solvent, the residue is purified by repeated 
chromatography on analytic thin-layer plates. As a mobile 
solvent, mixtures of n-hexane and ethyl acetate as well as 
dichloromethane and methanol are used; as an eluant, ethyl 
acetate is used. 4.5 mg (8.4 M^tiol, 44%) of title compound A and 
1 mg (1.9 ^mol , 10%) of title compound B are used as colorless 
foams . 

^H-NMR (CDCI3) of A: <S = 0.86 (3H), 1.00 (3H), 1.05 (3H), 
1.28 (3H) , 1.33-2.12 (lOH), 1,38 (3H), 2.11 (3H), 2.41 (IH), 2.57 
(IH), 2.70 (3H) , 2.77-2.85 (2H), 3.38 (IH), 3.49 (IH), 3.67 (IH), 
4.27 (IH), 4.56 (IH), 5.46 (IH), 6.57 (IH), 6.97 (IH) ppm. 

^H-NMR (CDCI3) of B: S = 0.85 (3H), 0.95 (3H), 1.03 (3H), 
1.22-1.73 (lOH), 1.30 (3H), 1,38 (3H), 2.08 (IH), 2,61 (3H), 
2.41-2.59 (2H), 2.71 (3H), 2.91 (IH), 2.99 (IH), 3.24 (IH), 3.43 
(IH), 3.96 (IH), 4,30 (IH), 5,60 (IH), 6.60 (IH), 6.98 (IH) ppm. 

Example 3 

(1R.3S (E) ,7S, 10R> lis, 12s, 16R) -7 . ll-Dihvdroxv3 ■ (l-methvl-2 ■ { 2 - 
methvl"4-thiazolvl) ethenvl) -lO-ethvl-8 , 8 , 12 , l6-tetramethvl-4 , 17- 
dioxabicvclo ri4 . 1 , 0 Theptadecane-5 , 9-di one (A) and 

(1S,3S (E) ,7S, lOR, lis, 12s, IBS) -7, ll-dihvdroxv-3- (l-methYl-2- (2- 
methvl-4-thiazolvl) ethenvl) -lO-ethvl-a , 8 , 12 , 16-tetramethvl-4 , 17- 
dioxabicvclori4 . 1. 01heptadecane-5,9-dione (B) 

Analogously to Example 2, 10 mg (19 /imol) of compound B that 

is presented according to Example 1 is reacted, and after 
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working-up and purification, 6 mg (11 /xmol, 59%) of a mixture of 
the two title compounds is isolated as a colorless foam, 

^H-NMR (CDCI3) of A or B: <S = 0.86 (3H) , 0.96 (3H) , 1.03 
(3H), 1.06-2,08 (IIH), 1.28 (3H), 1.38 (3H), 2.09 (3H), 2.46-2.59 
(2H), 2.70 (3H), 2.87 (IH), 3.02 (IH), 3.33 (IH), 3.79 (IH), 4.22 
(IH), 4.34 (IH), 5.49 (IH), 6.65 (IH), 7.00 (IH) ppm. 

^H-NMR (CDCI3) of B or A: 6 = 0.86 (3H), 0.96 (3H), 1.09 
(3H), 1.21-1.94 (9H) , 1.25 (3H), 1.37 (3H), 2.03 (2H), 2.09 (3H), 
2.50-2.61 {2H) , 2.71 (3H), 2.87 (IH), 2.94 (IH), 3.28 (IH), 3.67 
(IH), 3.72 (IH), 4.27 (IH), 5.46 (IH), 6.59 (IH), 6.97 (IH) ppm. 

Example 4 

(4S,7S,8R,9S^ 13Z^ 16S(E) ) -4 , 8-Dihydroxy-7-ethyl-16- { l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5, 9, l3-tetramethyl- 
cyclohexadec-13-ene-2 , 6-dione (A) and 

( 4S, 7S^ 8R^ 9S, 16S (E) ) -4 , 8-dihydroxy-7 -ethyl-16- ( l-methyl-2- ( 2 - 
methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5, 9, 13-tetramethyl- 
cyclohexadec-l3-ene-2 , 6-dione (B) 

Diastereomeric compound B that is produced according to 
Example lak is reacted analogously to Examples lal to law and 1 
to title compounds A and B. 



186 



Exampl 5 

(IS, 3S (E) , 7S, lOS, IIR, 12S, 16R) -7 , ll-Dihydroxy-3- ( 1-methy 1-2 - ( 2- 
methyl-4-thia2olyl) ethenyl) -lO-ethyl-8,8, 12, l6-tetramethyl-4/ 17- 
dioxabicyclo[14 . 1. 0]heptadecane-5, 9-dione (A) and 
(1R,3S (E) ,7S, lOS, IIR, 12 8, 16S) -7 , ll-dihydroxy-3- ( l-methyl-2 - { 2- 
methyl-4-thiazolyl) ethenyl) -lO-ethyl-8,8/ 12, 16-tetramethyl-4, 17- 
dioxabicyclo[14 • l. 0]heptadecane-5, 9-dione (B) 

Analogously to Example 2, Compound A that is produced 
according to Example 4 is reacted to separable title compounds A 
and B, 

Example 6 

(1S,3S (E) ,7S, lOS, IIR, 12S, 16R> -7 , ll-Dihydroxy-3- ( l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -lO-ethyl-8, 8, 12 , l6-tetramethyl-4 , 17- 
dioxabicyclo[14 • 1. 0]heptadecane-5, 9-dione and 

(1R,3S(E) ,7S, lOS, IIR, 12 S , 16S ) -7 , ll-dihydroxy-3- ( l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -lO-ethyl-8, 8, 12 , 16-tetramethyl-4 , 17- 
dioxabicyclo[l4 . 1. 0]heptadecane-5, 9-dione 

Compound B that is produced according to Example 4 is 
reacted analogously to Example 2 in a mixture of title compounds 
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Example 7 

(4S, 7R,8S, 93, 13 (Z) , 16S (£) ) -4 , 8-Dihydroxy-S , 5 , 7 , 9 , 13 -pentamethyl- 
16- ( (3-pyridyl) ethenyl) -l-oxa-cyclohexadec-l3-ene-2 / 6-dione (A) 
and (48, 7R,8S, 9S, 13E, 16S (E) ) -4 , 8-dihydroxy-5 , 5 , 7 , 9 , 13- 
pentamethyl-16- ( (3-pyridyl) ethenyl) -l-oxa-cyclohexadec-l3-ene- 
2 , 6-dione (B) 

Example 7a 

(Z,3S) -l-[ [Dimethyl (1, 1-dimethylethyl) silyl]oxy ] -3- [ [ (1,1- 
dimethylethyl) diphenylsilyl] oxy] -4-methyl-5- (3-pyridyl) -pent-4- 
ene (A) and (E,3S) -l-[ [dimethyl ( 1, 1-dimethylethyl) silyl]oxy] -3- 
[ [ (1, 1-dimethylethyl) diphenylsilyl] oxy] -4-methyl-5- (3-pyridyl) - 
pent-4-ene (B) 

Analogously to Example laf, 4.8 g (10.2 mmol) of the 
compound that is presented according to Example lae is reacted 
with use of diethyl ( 3-pyridyl ) methanephosphonate , and after 
working-up and purification, 448 mg (0.82 mmol, 8%) of title 
compound A and 3.5 g (6.41 mmol, 63%) of title compound B are 
isolated in each case as a colorless oil. 

^H-NMR (CDCI3) of A: S = -0.06 (6H), 0,81 (9H) , 1.01 (9H) , 
1.75 (IH), 1.97 (4H) , 3.48 (2H), 4.83 (IH), 6.11 (IH), 6.97 (IH), 
7.11-7.30 (5H), 7.30-7.39 (2H), 7.39-7.50 (4H), 8.08 (IH), 8.33 
(IH) ppm. 

^H-NMR {CDCI3) of B: S = -0.01 (6H), 0.85 {9H) , 1.11 (9H) , 
1.78 (3H) , 1.83 (IH), 1.97 (IH), 3.58 (2H), 4.42 (IH), 6,03 (IH), 

-7-.^~l- (-lH)v""7^2 8-7— 50 - ( 7M)-r~7 , 62-7-; 7 5 ( 4H)-- 8. 2 9— ("1H> 7 ~8T4"r ^( IH) 

ppm. 
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Example 7b 

(E,3S) -3-[ [ (1^ 1-Dimethyl thyl) diphenylsilyl]oxy] -4-methyl-5- (3- 
pyridyl) -pent-4-en-l-ol 

Analogously to Example lag, 3,5 g (6,41 mmol) of the 
compound that is produced under Example 7aB is reacted with a 
65:35:10 mixture of glacial acetic acid/water/tetrahydrof uran. 
After purification, 2,1 g (4.86 mmol, 76%) is obtained. 

^H-NMR (CDCI3) : S = 1.12 (9H) , 1.75 (3H), 1.88 (2H) , 3.65 
(2H), 4.45 (IH), 6.25 (IH), 7.21 (IH), 7.28-7.50 (7H), 7.60-7.75 
(4H) , 8.30 (IH) , 8.44 (IH) ppm . 

Example 7c 

(E^ 3S) -l-Iodo-3-[ [ (1, 1-Dimethylethyl) diphenylsilyl]oxy] -4-methyl- 
5 - { 3 -pyr idy 1 ) -pent-4 -ene 

Analogously to Example lah, 1.98 g (3.66 mmol, 75%) of the 
title compound is obtained from 2.1 g (4.86 mmol) of the compound 
that is described under Example 7b. 

^H-NMR (CDCI3) : 6 = 1,11 (9H) , 1,78 (3H), 2.17 (2H), 3.03 
(2H) , 4.29 (IH), 6.19 (IH), 7.22 (IH), 7,30-7.50 (7H) , 7.63-7,75 
(4H) , 8.32 (IH), 8,44 (IH) ppm. 

Example 7d 

(5E,3S)-[3-[ [ (1, l-Dimethylethyl)diphenylsilyl]oxy]-4-methyl^5- (3- 
pyridyl) -pent-4-en-l-yl] -triphgenylphosphonium iodide 

■- Ana 1 ogou sj^y: jtjD_Exampl^ J^ai^, 2^ (2 ^93 jmmp 1, 80%) of the 

title compound is obtained from 1,98 g (3.66 mmol) of the 
compound that is described under Example 7c, 
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^H-NMR (CDCI3) : S = 1.08 (9H) , 1.80 (3H), 3^27 (IH), 3,56 
(IH), 4.66 (IH), 6.52 (IH), 7,25-7.90 (27H) , 8.35 (IH), 8,46 (IH) 
ppm. 

Example 7e 

(4S (4R,5S, 6S, lOE/Z^ 14E) ) -4- (13-[ [(1,1- 

Dimethylethyl) diphenylsilyl]oxy] -2 , 4 , 6, 10, l4-pentamethyl-l5- (3- 
pyridyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) -pentadeca-10, 14-dien- 
2-yl) -2, 2-dimethyl- [1, 3]dioxane 

Analogously to Example lao, 800 mg (1.76 mmol) of the 
compound (4S (4R, 5S, 6S) ) -4- (3 , lO-dioxo-2 , 4 , 6-tr imethyl-5- 
(tetrahydropyran-2-yloxy) -undec-2-yl) -2 , 2-dimethyl- [ 1 , 3 ]dioxane 
that is produced analogously to Examples 11 (reaction with 
ethylmagnesium bromide) to Ian is reacted with 4.24 g (5.28 mmol) 
of the compound that is described under Example 7d, and 5.44 ml 
of a 1 M solution of sodium-bis- (trimethylsilyl) -amide in 
tetrahydrof uran . 684 mg (0.79 mmol, 4 5%) of the title compound 
is obtained. 

^H-NMR (CDCI3) : S = 0.86-0.98 (3H), 0.98-1.94 (45H), 2.20- 
2.42 (2H) , 3.22 (IH), 3.42 (IH), 3.58-4.02 (4H), 4.08-4.22 (2H)/ 
4.46 + 4.52 (IH) , 5.00 (IH), 6.03 (IH), 7.19 (IH), 7.24-7.47 
(7H) , 7.60-7.73 (4H), 8.28+8.40 (2H) ppm. 
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Example It 

(3S^ 6R, IB, QS, X2B/Z,xSS, 16E) -15- [ [(1,1- 

Dimethylethyl) diphenylsilyl] oxy ] -4 , 4 , 6 , 8 , 12 , l6-hexamethyl-17- ( 3- 
pyridyl) -5-oxo-heptadeca-l2 / 16-diene-l, 3 , 7-triol 

Analogously to Example lap, 542 mg (0.73 mmol, 92%) of the 
title compound is obtained from 684 mg (0.79 mmol) of the 
compound that is described under Example 7e. 

Example 7g 

(3S,6R,7S,8S, 12E/Z, 15S, 16E) -15- [ [ ( 1 , 1-Dimethylethyl ) - 
diphenylsilyl] oxy ] -4 , 4 , 6 , 8 , 12 , l6-hexamethyl-17- ( 3-pyr idyl) -1,3,7- 
tr is- [ [dimethyl (1, l-dimethylethyl) silyl] oxy] -heptadeca-12 , 16- 
dien-5-one 

Analogously to Example laq, 995 mg (max. 0.73 mmol, max. 
100%) of the title compound, which is contaminated with silanol, 
is obtained from 54 2 mg (0.73 mmol) of the compound that is 
described under Example 7f. 

Example 7h 

{3S, 6R,7S, 8S, 12E/Z, 15S, 16E) -3, 7 -Bis- [ [dimethyl ( 1, 1- 
dimethylethyl) silyl] oxy ] -15- [ [ (1, 1-dimethylethyl) - 
diphenylsilyl] oxy] -l-hydroxy-4 , 4 , 6> 8 , 12 , l6-hexamethyl-l7- (3- 
pyridyl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 604 mg (0.62 mmol, 85%) of the 
title compound is obtained from 99 5 mg (max. 0.7 3 mmol) of the 
compound— that~rs—descri-bed—under~Examp-le—7g^^ 



Example 7i 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E) -3, 7 -Bis- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl] oxy ] -15- [ [ (1/1- 

dimethylethyl) diphenylsilyl]oxy] -4^ 4^ 6/ 8, 12, 16-hexamethyl-17- (3- 
pyridyl) -5-oxo-heptadeca-12 , 16-dienoic acid 

Analogously to Examples las and lat, 550 mg (0.56 mmol, 90%) 
of the title compound is obtained from 604 mg (0.62 mmol) of the 
compound that is described under Example 7h. 

Example 7k 

(3S, 6R, 7S/ 88/ 12E/2, 158/ 16E) -4 / 4 / 6 / 8 / 12 / 16-Hexamethyl-17- ( 3- 
pyridyl) -5-oxo-3/7/ 15-trihydroxy-heptadeca-12 / 16-dienoic acid 

Analogously to Example lau, 269 mg (0.49 mmol, 88%) of the 
title compound is obtained from 550 mg (0.56 mmol) of the 
compound that is described under Example 7i. 

Example 71 

{38/ 6R/8S/ 12E/Z/ 158/ 16E) -3/ 7-Bis [ [dimethyl (1/ 1- 

dimethylethyl) silyl] oxy] -4 / 4 / 6 / 8 , 12 , 16-hexamethyl-l5-hydroxy-17- 
(3-pyridyl) -5-oxy-heptadeca-l2 / 16-dienoic acid 

Analogously to Example lav, 127 mg (0.17 mmol, 35%) of the 
title compound is obtained from 2 69 mg (0.49 mmol) of the 
compound that is described under Example 7k. 
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Alternative Production of 71 over 7n to 7r : 
Example 7n 

(4S (4R,5S^ 6S^ lOE/2, 13S, 14E) ) -4- ( 13-Hydroxy-2 , 4 , 6 , 10 ^ 14- 
pentamethyl-15- (3-pyridinyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) - 
pentadeca-io / 14-dien-2 -yl) -2^2 -dimethyl- [ 1 / 3 ] dioxane 

Analogously to Example li, 486 mg (0.81 mmol, 95%) of the 
title compound is obtained from 710 mg (0.85 mmol) of the 
compound that is described under 7e. 

^H-NMR (CDCI3) : 6 = 0.90-1.00 (3H), 1.05-1.90 (36H), 2.38 
(2H), 3.27 (IH), 3.46 (IH), 3.63 + 3.80-4.00 (4H), 4.10-4.20 (2H) 

4.46 + 4.55 (IH), 5.15 (IH), 6.49 (IH), 7.24 (IH), 7.57 (IH), 

8.47 (IH), 8.54 (IH) ppm. 

Example 7o 

(3S,6R,7S,8S, 12E/Z,15S^16E)-4^4,6,8, 12, 16-Hexamethyl-17-(3- 
pyridyl) -1, 3,7, 15-tetra-hydroxy-heptadeca-12 , 16-dien-5-one 

Analogously to Example If, 335 mg (0.71 mmol, 87%) of the 
title compound is obtained from 486 mg (0.81 mmol) of the 
compound that is described under 7n. 

^H-NMR (CDCI3) : S = 0.82 + 0.86 (3H), 1.08 + 1.10 (3H), 
1.13 (3H), 1.22 (3H) , 1.68 + 1.72 (3H), 1.90 (3H), 2.40 (2H), 
3.30 (IH), 3.35-3.48 (2H), 3.85-3.96 (2H), 4.17 (IH), 4,20 (IH), 
5.05 (IH), 6.50 (IH), 7.25 (IH), 7.61 (IH), 8.45 (IH), 8,53 (IH) 
PPin* 
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Example 7p 

(3S, 6R, 7S,8S, 12E/Z, IBS, 16E) -3 , 7 , 15-Tr is- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -l-hydroxy-4 ,4, 6, 8, 12, l6-hexamethyl-l7- 
(3-pyridyl) -heptadeca-l2, 16-dien-5-one 

Analogously to Example laq, 730 mg (max, 0.71 mmol, max. 
100%) of the title compound, which is contaminated with silanol, 
is obtained from 3 35 mg (0.71 mmol) of the compound that is 
described under 7o . 

^H-NMR (CDCI3) : 6 = 0.05-1,16 {24H), 0.85-0,97 (39H), 1.02 
+ 1,04 + 1.07 (6H) , 1.22 (3H), 1.60 (3H), 1.70 + 1.83 (3H), 2.29 
(IH), 3.13 (IH), 3.05-3.80 (2H), 3.76 (IH), 3.89 (IH), 4.11 (IH) 
5.13 (IH), 6.46 (IH), 7.23 (IH), 7.54 (IH), 8.42 (IH), 8.50 (IH) 
ppm. 

Example 7q 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E) -3 , 7 , 15-Tr is- [ [dimethyl (1, 1- 
dimethylethyl ) silyl ] oxy] -l-hydroxy-4 ,4, 6, 8, 12, 16-hexamethyl-17- 
(3-pyridyl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 441 mg (0.54 mmol, 76%) of the 
title compound is obtained from 730 mg (max, 0.71 mmol) of the 
compound that is described under 7p. 

^H-NMR (CDCI3) : <S = 0,05-0.18 (18H), 0,90-1,10 (30H), 1.11 
(6H), 1.25 (3H), 1.62 + 1.70 (3H), 1.82 (3H), 2.38 (IH), 3.13 
(IH), 3.63 (2H), 3,81 (IH), 4,05-4.15 (2H), 5,17 (IH), 6,38 (IH) 
7.22 (IH), 7.53 (IH), 8.45 (IH), 8.52 (IH) ppm. 



Example 7r 

(3S, 6R,7S^8S, 12E/Z, 15S, 16E) -3 , 7 , 15-Tr is- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -4 ^ 4 ^ 6, 8, 12 / l6-hexamethyl-l7- (3-pyridyl) - 
5-oxo-heptadeca-12 / 16-dienoic acid 

Analogously to Examples las and lat, 316 mg (0,38 mmol, 70%) 
of the title compound is obtained from 441 mg (0.38 mmol) of the 
compound that is described under 7q. 

^H-NMR (CDCI3) : 6 = 0.00-0.18 (18H), 0.90-1.00 (30H), 1.12 
(3H) , 1.13 + 1.14 (3H) , 1.19 (3H), 1.62 + 1.70 (3H), 1,79 + 1,80 
(3H), 3.18 (IH), 3,75 + 3.80 (IH), 4.19 (IH), 4.44 + 4.48 (IH), 
5.12 + 5.14 (IH) , 6.32 + 6.35 (IH), 7.30 (IH), 7.60 + 7.62 (IH), 
8.38 + 8.40 (IH) , 8.58 ppm. 

Example 71 

(3S, 6R,8S, 12E/Z, 16E) -3,7-Bis[ [dimethyl (1, 1- 

dimethylethyl) silyl]oxy] -4 ,4, 6,8, 12, l6-hexamethyl-15-hydroxy-17- 
(3-pyridyl) -5-oxy-heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 295 mg (max. 0.38 mmol, max. 
100%) of the title compound is obtained from 316 mg (0.38 mmol) 
of the compound that is described under 7r. 

^H-NMR (CDCI3) : 6 = 0.00-0.18 (12H), 0.88-1.00 (21H) , 1.10 
(3H), 1.15 (3H), 1.18 (3H), 1.63 + 1.70 (3H), 1.84 + 1.86 (3H), 
2.30-2.50 (3H) , 3.10 (IH), 3.75 + 3.78 (IH), 4.20 + 4,25 (IH), 
4.45 (IH) , 5.14 (T-H) , 6.49 (IH), 7.33 (IH), 7.68 (IH), 8.41 (IH), 



Example 7m 

(4S,7R,8S, 13E/Z^ 16S (E) ) -4,8-Bis-[ [dimethyl (1, 1- 
dimethylethyl) silyl] oxy ] -4 , 4 , 6, 8 , 12 , 16-hexame thy 1-16- ( (3- 
prydiyl) ethenyl) l-oxa-cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example law, 104 mg (0.14 mmol, 85%) of the 
title compound is obtained from 127 mg (0.17 mmol) of the 
compound that is described under Example 71. 

^H-NMR (CDCI3) : S = -0.05-0.13 (12H), 0,82-1.00 (21H), 1.12 
(3H) , 1.15 (3H) , 1.23 (3H), 1.60 + 1.69 (3H), 1.90 + 1.92 (3H), 
2.40-2.60 (4H) , 3.02 (IH), 3-88 + 3,90 (IH), 4.10 (IH), 4.48 
(IH), 5.07 + 5,14 (IH), 5,18 + 5,25 (IH), 6,47 + 6,50 (IH), 7,25 
(IH), 7,55 + 7,60 (IH), 8.45 (IH), 8.50 + 8.53 (IH) ppm. 

Example 7 

(4S,7R,8S, 9S, 13Z, 16S (E) ) -4 , 8-Dihydroxy-5 , 5 , 7 , 9 , 13-pentamethyl-16- 
( {3-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene-2 , 6-dione (A) and 
(4S,7R,8S, 9S, 13E, 16S (E) ) -4 , 8-dihydroxy-5 , 5 , 7 ^ 9 ^ 13-pentamethy 1-16- 
( {3-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene-2 , 6-dione (B) 

Analogously to Example 1, 24 mg (48 jLzmol, 34%) of title 
compound A and 25 mg (50 jitmol, 3 6%) of title compound B are 
obtained from 104 mg (0.14 mmol) of the compound that is 
described under Example 7m. 

^H-NMR (CDCI3) Compound A: 5 = 1.03 (3H), 1.10 (3H), 1.21 
(3H) , 1.32 (3H) , 1.62 (3H), 1.92 (3H), 2,18-2.80 (6H), 3.14 (IH), 
3.73 (IH), 4.16 (IH) , 5.17 (IH), 5.29 (IH), 6.51 (IH), 7.25 (IH), 
7T58^( iH)~,~B (ThTT 8T5^3 ( IH) ppm . 
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Compound A: 6 = 1.00 (3H), 1.05 (3H), 1.16 (3H), 1.30 (3H), 

1,63 (3H), 1.91 (3H), 2.18-2.65 (6H), 3-22 (IH), 3.65 (IH), 4.20 

(IH), 5.11 (IH), 5.43 (IH), 6.49 (IH), 7.27 (IH), 7.59 (IH), 8.49 
(IH) , 8. 52 (IH) ppm. 

Example 8 

(1S,3S (E> , 7S, lOR, lis, 12S, 16R) -7 > ll-Dihydroxy-e , 8 , 10,12 , 16- 

pentamethYl"3- ( O-pyridyl) ethenyl) -4 , 17- 

dioxabicyclof 14 . 1, Olheptadecane-S , 9-dione (A) and 

(1S,3S (E) , 7S, lOR, lis, 12S, 16S) -7, ll-dihydroxy-8,8, 10, 12 , 16- 

pentamethvl-3- ( (3-pvridvl> ethenyl) -4 , 17- 

dioxabicyclof 14 . 1, 01heptadecane-5, 9-dione (B) and 

(1S,3S (E) ,7S,10R, lis, 12S, 16R) -7 , ll-dihydroxy-8 , 8 , 10 , 12 , 16- 

pentamethyl-3- ( {3-N-oxypYridyl> ethenyl) -4 , 17- 

dioxabicyclo ri4 , 1, 01heptadecane-5 , 9-dione (C) and 

(1S,3S (E) , 7S, ICR, lis, 12S, 16S) -7, ll-dihydroxy-8,8, 10, 12, 16- 

pentamethyl-3- ( ( 3-N-oxypyridyl) ethenyl) -4 , 17- 

dioxabicyclori4 . 1, 01heptadecane-5, 9-dione (D) 

Analogously to Example 2, 7.4 mg (14 iimol , 46%) of title 
compound A, 1.6 mg (3 fimol , 10%) of title compound B, 2 . 4 mg of 
title compound C and 0.9 mg (4.4 mmol, 15%) of title compound D 
(1.7 mg, 6%) are obtained from 15 mg (30 /xmol) of the compound 
that is described under Example 7. 

^H-NMR (CDCI3) : Compound C: 

6 = 1,03 (3H) , 1.10 (3H), 1.17 {3H), 1.28 (3H), 1.22 (3H), 



1.91 (3H), 2.40-2.63 (3H), 2.79 (IH), 3.33 (IH), 3.68 (IH), 3.77 
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(IH), 4,12 {3H) , 5.46 (IH), 6.46 (IH), 7.18 (IH), 7.25 (IH), 8.11 
(IH) , 8. 18 (IH) ppm. 
Compound D : 

6 = 0.97 (3H) , 1.10 (3H) , 1.13 (3H), 1.28 (3H), 1.40 (3H), 
1.95 (3H) , 2.50 (IH) , 3.12 (IH), 3.34 (IH), 3,80 (IH), 4.08 (IH), 
4.16 (IH), 5.69 (IH), 6.47 (IH), 7.17 (IH), 7.26 (IH), 8.11 (IH), 
8.18 (IH) ppm. 

Example 9 

( 4S / 7R, 8S , 9S, 13 ( z ) , 16S ( E) ) -4 , 8-Dihydroxy-5 ,S,7 ,9, 13 -pen tame thy 1- 
16- ( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene-2 , 6-dione (A) 
and (4S/7R,8S/9S, 13E, 16S (E) ) -4 , 8-dihydroxy-5 , 5 , 7 , 9 , IS- 
pentamethyl-ie- ( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene- 
2, 6-dione (B) 

Example 9a 

(4S (4R,5S, 6S, lOE/Z, 13S, 14E) ) -4- (13-[ [(1,1- 

Dimethylethyl) diphenylsilyl]oxy] -2, 4, 6, 10, l4-pentamethyl-15- (4- 
pyridyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) -pentadeca-lO, 14-dien- 
2-yl) -2/2-dimethyl-[l, 3]dioxane 

Analogously to Example 7e, 2.08 g (4.70 mmol) of the 
compound (4S (4R, 5S , 6S) ) -4- ( 3 , lO-dioxo-2 , 4 , 6-tr imethy 1-5- 
(tetrahydropyran-2-yloxy) -undec-2-yl) -2 , 2-dimethyl-[ 1, 3 ]dioxane 
that is produced analogously to Examples 11 (reaction with 
ethylmagnesium bromide) to Ian is reacted with 11.4 g (14.2 mmol) 
of (5E, 3S) -[3-[ [ (1, 1-dimethylethyl) diphenylsilyl] oxy ] -4-methyl- 
5- (4-pyridyl) -pent-4-en-l-yl ] -tr ipheny Iphosphonium iodide, which 
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has been produced analogously to Examples 7a to 7d using 
diethyl (4-pyr idyl) methanephosphonate. After working-up and 
purification, 2.10 g (2.5 mmol, 53%) of the title compound is 
isolated. 

^H-NMR (CDCI3) : S = 0,81-1,95 {49H) , 2,20-2.42 (2H), 3.23 
(IH), 3.42 (IH), 3.58-4.02 (3H), 4.06-4.21 (2H) , 4.46+4.52 (IH), 
4.99 (IH) , 6.03 (IH), 6.94 (2H), 7.22-7.48 (6H), 7.59-7.73 (4H), 
8.49 {2H) ppm. 

Example 9b 

(4S {4R^5S^ 6S, lOE/Z, IBS, 14E) ) -4- (13-Hydroxy-2 , 4 , 6 , 10 , 14- 
pentamethyl-15- (4-pyr idyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) - 
pentadeca-10, 14-dien-2-yl) -2 ^ 2-dimethyl-[l, 3]dioxane 

Analogously to Example li, 550 mg (0.91 mmol, 98%) of the 
title compound is obtained from 780 mg (0.93 mmol) of the 
compound that is described under Example 9a, 

^H-NMR (CDCI3) : 6 = 0.80-1,85 (33H), 1,91 (3H), 1.94-2.11 
(5H), 2.36 (2H) , 3.27 (IH), 3.43 (IH), 3.61-4,01 (3H), 4.08-4.21 
(2H), 4.46+4.54 (IH), 5.16 (IH), 6.48 (IH), 7.18 (2H), 8.55 (2H) 
ppm. 

Example 9c 

(3S, 6R,7S,8S, 12E/2, 15S^ 16E) -4 , 4 , 6 , 8 , 12 , 16-Hexamethyl-17- ( 4- 
pyridyl) -1,3,7, l5-tetra-hydroxy-heptadeca-12 , 16-dien-5-one 

Analogously to Example If, 340 mg (0.71 mmmol, 71%) of the 
title compound is obtaiTTed f f orpTeoO" mg'-(-l-r00--mmol-)^ of^ the 



compound that is described under Example 9b with use of p- 
toluenesulf onic acid. 

^H-NMR (CDCI3) : S = 0,82 (3H), 1.06 (3H), 1.12 (3H), 1.22 
(3H), 1.73 (3H), 0.90-1.83 (9H) , 1.91 (3H) , 1.95-2.13 (3H), 2.30- 
2.47 (2H) , 3.19-3.35 (2H), 3.42 (IH), 3.81-3.97 (2H), 4.04 (IH), 
4.19 (IH) , 5.18 (IH), 6.46 (IH), 7.18 (2H), 8.52 (2H) ppm. 

Example 9d 

(3S, 6R^7S,8S^ 12E/Z, 16E) -3 , 7 , 15-Tr is- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -l-hydroxy-4 ,4, 6,8, 12, 16-hexamethyl-17- 
{4-pyridyl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example laq, 435 mg (0.47 mmol, 74%) of the 
title compound is obtained from 300 mg (0.63 mmol) of the 
compound that is described under Example 9c. 

^H-NMR (CDCI3) : S = -0.01-0.14 (24H) , 0.82-0.97 (37H), 1.02 
(3H), 1.04 (3H) , 1.21 (3H) , 0.98-1.70 (12H), 1.87 {3H), 1.90-2.03 
(2H), 2.25 (2H) , 3.13 (IH), 3.51-3.71 (2H), 3,76 (IH), 3.88 ( IH) , 
4.03-4.14 (IH), 5.13 (IH), 6.34 (IH), 7.13 (2H), 8.52 (2H) ppm. 

Exeunple 9e 

(3S, 6R, 7S, as, 12E/Z, 15S, 16E) -3,7, I5-Tris- [ [dimethyl (1,1- 
dimethylethyl) silyl] oxy] -l-hydroxy-4, 4, 6,8, 12, 16-hexamethyl-17- 
(4-pyridyl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 3 39 mg (0.41 mmol, 94%) of the 
title compound is obtained from 410 mg (0.44 mmol) of the 
compound that is described under Example 9d. 
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^H-NMR (CDCI3) : ^ ^ -0.01-0.14 (18H), 0.80-0,95 (31H), 
0.97-1.70 {7H), 1.06 (6H), 1.21 {3H), 1.59+1.69 (3K), 1.87 (3H), 
1.90-2.06 (2H) , 2.26 (2H), 3.12 (IH), 3.65 (2H) , 3.80 (IH), 4.09 
(2H), 5.14 (IH), 6.36 (IH), 7.13 (2H) , 8.53 (2H) ppm. 

Example 9f 

(3S/ 6R^7S,8S, 12E/Z, 15S^ 16E) -3 ^ 7 , 15-Tr is- [ [ dimethy 1 (1 , 1- 
dimethylethyl) silyl]oxy]-4,4, 6,8, 12, 16-hexamethyl-17- ( 4-pyridyl) - 
5-oxo-heptadeca-l2 , 16-dienoic acid 

Analogously to Examples las and lat, 204 mg (0.25 mmol, 72%) 
of the title compound is obtained from 280 mg (0.34 mmol) of the 
compound that is described under Example 9e. 

^H-NMR (CDCI3) : 6 = 0.00-0.14 {18H), 0.78-0.98 {30H), 1.06 
(3H), 1.08 (3H) , 1.24 (3H), 1.05-1.55 (5H), 1.60+1.69 (3H), 1.87 
(3H), 1.98 (2H), 2.20-2.37 (3H), 2.10-3.10 (IH), 2.51 (IH), 3.14 
(IH), 3.79 (IH), 4.11 (IH), 4.40 (IH), 5.13 (IH), 6.36 (IH), 7.17 
(2H) , 8. 53 (2H) ppm. 

Example 9g 

(3S,6R,8S, 12E/Z, 15S, 16E) -3 , 7-Bis [ [dimethyl (1, 1- 

dimethylethyl) silyl]oxy] -4 , 4, 6, 8, 12, l6-hexamethyl-15-hydroxy-l7- 
{4-pyridyl) -5-oxy-heptadeca-12 , 16-dienoic acid 

Analogously to Example lav, 132 mg (0.18 mmol, 77%) of the 
title compound is obtained from 198 mg (0.24 mmol) of the 
compound that is described under Example 9f. 

^H-NMR (CDCI3) : ^~ =~~0 . 0 0^~". 15"^(T2H)- " 0-.-8 5-1 . 00 -(-18H-)-,^ -1 .-10-_, 
1.18 (6H) , 1.20-1.28 (6H) , 1.62 + 1.73 (3H), 2.05 (IH), 2.20-2.50 



{4H) , 2.85 (IH), 3.15 (IH), 3.79 (IH), 4.18 (IH), 4.42 (IH), 5.18 
(IH), 6.50 (IK), 7.15-7.25 (2H), 8.50-8.60 {2K) ppiR. 

Example 9h 

(4S,7R, as, 13E/Z, 16S (E) ) -4, 8-Bis-[ [ dimethyl ( 1, 1- 
dimethylethyl) silyl]oxy] -4 , 4 , 6, 8 , 12 , 16-hexamethyl-16- { (4- 
pyridyl) ethenyl) l-oxa-cyclohexadec-13-ene-2 / 6-dione 

Analogously to Example law, 98 mg (0.14 mmol, 76%) of the 
title compound is obtained from 130 mg (0.18 mmol) of the 
compound that is described under Example 9g. 

Example 9 

(4S, 7R, 8S,9S, 13Z, 16S (E) ) -4 , 8-Dihydroxy-5 , 5 , 7 , 9 , 13 -pentamethy 1-16- 
( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-l3-ene-2 , 6-dione (A) and 
(4S,7R,8S,9S, 13E, 16S (E) ) -4 , 8-dihydroxy-5 , 5 , 7 , 9 , l3-pentamethyl-16- 
( (4-pyridyl) ethenyl) -l-oxa-cyclohexadec-13-ene-2 , 6-dione (B) 

Analogously to Example 1, 24 mg (49 /xi^ol, 35%) of title 
compound A and 21 mg (43 /xmol, 31%) of title compound B are 
obtained from 98 mg (0.14 mmol) of the compound that is described 
under Example 9h. 
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Example 10 

(1S^3S (E) ,7S, lOR, lis, 12S^ 16R) -7 , ll-Dihydroxy-8 , 8 , 10 , 12 , 16- 
pentamethyl-3- ( (4-pyridyl) ethenyl) -4, 17- 
dioxabicyclo [14.1.0] heptadecane-5 , 9-dione (A) and 
(1S,3S(E) ,7S, lOR, lis, 12 S, 16S ) -7 , ll-dihydroxy-8 , 8 , 10 , 12 , 16- 
pentamethyl-3- ( (4-pyridyl) ethenyl) -4, 17- 
dioxabicyclo[14 . 1. 0] heptadecane-5, 9-dione (B) 

Analogously to Example 2, 11 mg (22 Minol, 59%) of title 
compound A is obtained from 18 mg (37 ^mol) of compound A that is 
described under Example 9, or 9 mg (18 /xmol, 58%) of title 
compound B is obtained from 15 mg (31 jumol) of compound B. 

Example 11 

(1S.3S (E) ,7S, lOR, lis. 12S, 16R) -7 . ll-Dihvdroxv-3- ( l-methvl-2- C 3-N- 
oxido-2-methYl-4-thiazolyl) ethenyl) -lO-ethyl-8 , 8 . 12 , 16- 
tetramethyl-4 , 17-dioxabicYclori4 . 1. 0] heptadecane-5, 9-dione 

Analogously to Example 2, 10 mg (19 /xmol) of compound A that 
is presented according to Example 2 is reacted at 2 3°C, and after 
working-up and purification, 3 • 5 mg (6.5 /umol, 34%) of the title 
compound is isolated as a colorless oil, 

''h-NMR (CDCI3) : 6 = 0*90 (3H) , 1,03 (3H), 1.07 (3H), 1.10- 
2.03 (9H) , 1.31 (3H) , 1.43 (3H), 2.03 (IH), 2.09 (3H), 2.19-2.26 
(2H) , 2,52 (IH), 2.61 (3H), 2,68-2.81 (2H), 3.34 (IH), 3.65 (IH), 
4,59 (IH), 5.39 (IH), 6.61 (IH), 6.81 (IH), 7.08 (IH) ppm. 



Example 12 

(4S^7R^8S^ 9S^ 13Z, 16S (E) ) -4 ^ S-DihydroxY-V-benzYl-lg- ( l-methYl-2" 
(2*methvl*4"thiazolYl> ethenyl) -l-oxa-5 , 5 , 9 > 13-tetramethvl- 
cvclohexadec"13-ene-2 , 6-dione 

Example 12a 

( 4S ) -4 - ( ( 3RS ) -2 -Methy 1-3 -hydroxy-5 -pheny l-pent-2 -y 1 ) -2 , 2 t 
dimethyl- [1, 3]dioxane 

Analogously to Example 11, 2.97 g (15,9 mmol) of the 
compound that is presented according to Example Ik is reacted 
with use of phenethy Imagnesium bromide, and after working-up and 
purification, 3.27 g (11.2 mmol, 70%) of the title compound is 
isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.72+0.88 (3H), 0.89+0,93 (3H), 1.33 
(IH), 1,39+1.42 (3H) , 1.47+1.50 (3H), 1.58-1.93 (3H), 2.61 (IH), 
3.00 (IH), 3.48-3.60 (IH), 3.72-4.03 (4H) , 7.13-7.35 (5H) ppm. 

Example 12b 

(4S) -4- (2-Methyl-3-oxo-5-phenyl-pent-2-yl) -2 , 2-dimethyl- 
[1, 3]dioxane 

Analogously to Example Im, 2.71 g (9.3 mmol) of the compound 
that is presented according to Example 12a is reacted, and after 
working-up and purification, 2.3 5 g (8.1 mmol, 87%) of the title 
compound is isolated as a colorless oil. 

^.H-NMRXCDClj)^: 6_ ^ 1^3^ ( 3H)_, 1 . 12 (3H), 1.28 (IH), 1.31 

(3H) , 1.38 (3H) , 1.60 (IH), 2.77-2.92 (4H), 3.83 (IH), 3.93 (IH), 
4.02 (IH) , 7.12-7.22 (3H), 7.22-7,32 (2H) ppm. 



Example 12c 

(4S (4R, 5S, 6S, lORS) ) -4- (2 , 6-Dimethyl-lO- [ [ (1,1- 

dimethylethyl) diphenylsilyl]oxy] -4-benzyl-5-hydroxy-3-oxo-undec- 

2-yl) -2 , 2 -dimethyl- [1, 3] dioxane (A) and 

(4S (4S, 5R, 6S, lORS) ) -4- ( 2 , 6-dimethyl-lO- [ [ (1,1- 

dimethylethyl) diphenylsilyl] oxy] -4-benzyl-5-hydroxy-3-oxo-undec- 
2-yl) -2,2 -dimethyl- [ 1 / 3 ] dioxane (B) 

Analogously to Example lak, 2*34 g (8.06 mmol) of the 
compound that is presented according to Example 12b is reacted, 
and after working-up and purification, 2.91 g (4.32 mmol, 54%) of 
title compound A and 1.72 g (2.55 mmol, 3 2%) of title compound B 
are isolated in each case as a colorless oil. 

^H-NMR (CDCI3) of A: 6 = 0.38 (3H), 0.83-1.82 (31H), 2.66- 
3.02 {3H), 3.47 (IH), 3.58 (IH), 3.74-3.94 (4H), 7.05-7.28 (5H), 
7.31-7.46 (6H), 7.61-7.72 (4H) ppm. 

^H-NMR (CDCI3) of B: S = 0.78 (3H), 0.82-1.66 (21H), 0.98 
(3H) , 1.29 (3H), 1.36 (3H), 2,78 (IH), 2.94 (IH), 3.05 (IH), 3.44 
(IH) , 3.54 (IH), 3.72-3.91 (4H) , 7.04-7.29 (5H), 7.31-7.48 (6H); 
7.63-7.75 (5H) ppm. 

Example 12d 

(4S (4R, 5S, 6S, lORS) ) -4- ( 2 , 6-Dimethyl-lO- [ [(1,1- 
dimethylethyl) diphenylsilyl] oxy] -4-ben2yl-3-oxo-5- 
( tetrahydropyran-2 -y loxy ) -undec-2 -y 1) -2,2 -dimethyl- [1,3] dioxane 

Analogously to ^xample la, 2.90 g (4.4 mmol) of compound A 

that is presented according to Example 12c is reacted, and after 



working-up and purification, 3-18 g (4.2 mmol, 95%) of the title- 
compound is isolated as a colorless oil. 

Example 12 e 

(4S (4R,5S, 6S, lORS) ) -4- ( 2 / 6-Dimethyl-4-benzyl-10-hydroxy-3-oxo-5- 
( tetrahydropyran-2 -y loxy ) -undec-2 -y 1 ) -2 , 2 -dimethyl- [ 1 # 3 ] dioxane 

Analogously to Example li, 3.18 g (4.20 mmol) of the 
compound that is presented according to Example 12d is reacted, 
and after working-up and purification, 1.39 g (2.68 mmol, 64%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.28 + 0.47+0.49 (3H) , 0.92-1.14 (7H) , 
1.14-1.95 (24H) , 2.79+2.99-3.13 (2H), 3.34-4.27 (8H), 4.45+4.56 
(IH) , 7.05-7.29 (5H) ppm. 

Example 12 f 

{4S (4R,5S, 6S) ) -4- ( 2 , 6-Dimethyl-4 -benzy 1-3 ^ lO-dioxo-5- 

( tetraliydropyran-2 -y loxy ) -undec-2 -yl ) -2 , 2 -dimethyl- [1,3] dioxane 

Analogously to Example lm,,1.39 g (2.68 mmol) of the 
compound that is presented according to Example 12e is reacted, 
and after working-up and purification, 1.18 g (2.28 mmol, 85%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.26 + 0,47 (3H), 0.96-1.11 (7H), 
1.27+1.31 (3H) , 1.39+1.41 (3H), 1.20-1.90 (12H), 2.15 (3H), 2.45 
(2H) , 2.79+2.97-3.12 (2H), 3.36-4.07 (6H), 4.15+4.21 (IH), 
4.43+4.54 (IH), 7.08-7.28 (5H) ppm. 



Example 12g 

(4S(4R,5S,6S,10E/Z,13S,14E) )-4-(13-[ [(1/1- 

Dimethylethyl) diphenylsilyljoxy] -4-benzyl-l5- (2-methyl-4- 
thiazolyl) -3-oxo-5- ( tetrahydropyran-2-yloxy ) -2, 6^ 10, 14- 
tetramethyl-pentadeca-10/ 14-dien-2-yl) -2/ 2-dimethyl- [1, 3]dioxan 

Analogously to Example lao, 477 mg (923 /Ltmol) of the 
compound that is presented according to Example 12 f is reacted 
with use of n-butyllithium as a base, and after working-up and 
purification, 367 mg (393 fjixaol , 43%) of the title compound is 
isolated as a colorless oil^ 

^H-NMR (CDCI3) : 6 = 0.23 + 0*46 (3H) , 0,92-1.10 (19H), 1.10- 
1.92 (22H) , 1.99 (3H), 2.13-2.40 (2H), 2.70 (3H), 2.80+2.94-3.14 
(2H), 3.35-4.25 (6H) , 4,47+4.53 (IH), 4.98 (IH), 6.22 (IH), 6.77 
(IH), 7.07-7.24 (5H) , 7.25-7.45 (6H), 7.60-7.73 (4H) ppm. 

Example 12 h 

(4S (4R, 5S, 68, lOE/Z, 13S, 14E) ) -4- ( 4-Benzyl-13-hydroxy-15- { 2-methyl- 
4-thiazolyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) -2,6, 10, 14- 
tetramethyl-pentadeca-10, 14-dien-2-yl) -2 , 2 -dimethyl- [ 1/ 3 ] dioxane 

Analogously to Example li, 548 mg (586 ^tmol) of the compound 
that is presented according to Example 12g is reacted, and after 
working-up and purification, 330 mg (474 fMjaol, 81%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.25+0.46 (3H) , 0.92-1.10 (6H), 1.10- 
1.90 (13H), 1.28+1.32 (3H), 1.39+1.41 (3H), 1.68+1.74 (3H), 1.99- 
2.13 (2H), 2.06 (3H), 2.36 (2H), 2.71 (3H), 2.81+3.00-3.14 (2H), 
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3.37-4.26 (9H), 4.4S+4.57 (IH), 5.20 (IH), 6.58 (IH), 6.94 (IH), 
7.08-7,26 (5H) ppm. 

Example 12 i 

3S, 6R, 7S, 8S, 12E/Z, 15S, 16E) -6-Benzyl-17- (2-methyl-4-thiazolyl) -5- 
oxo-4, 4, a, 12, l6-pentamethyl-heptadeca-12 , le-diene-l, 3 , 7 , 15- 
tetraol 

Analogously to Example If, 330 mg (474 /Ltmol) of the compound 
that is presented according to Example 12h is reacted, and after 
working-up and purification, 224 mg (392 )Limol, 83%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.40 (3H), 0.93-1.04 (6H), 1.08-1.87 
(8H), 1.63+1.71 (3H), 1.92-2.11 (5H), 2.33 (2H) , 2.67-3.06 (3H), 
2.72 (3H), 3.11 (IH), 3.23-3.50 (2H), 3.54 (IH), 3.65-3.92 (3H), 
4.13 (IH), 5.18 (IH), 6.53 (IH), 6.94 (IH), 7.06-7.29 (5H) ppm. 

Example 12k 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E) -6-Ben2yl-17- (2-methyl-4-thiazolyl) - 
4 , 4 , 8 , 12 , 16-pentamethyl-l , 3,7, 15-tetrakis- [ [dimethyl (1,1- 
dimethylethyl) silyl]oxy] -heptadeca-12., 16-dien-5-one 

Analogously to Example laq, 224 mg (392 /xmol) of the 
compound that is presented according to Example 12 i is reacted, 
and after working-up and purification, 323 mg (314 ixtxvoI, 80%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = -0.03-0.12 (24H), 0.79-1.73 (53H), 
1.61+1.69 (3H), 1.91-2.07 (2H), 2.00 (3H), 2.26 (2H), 2.71 (3H), 
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2.86 (IH), 2.98 (IK), 3.33-3.55 {2H), 3.66 (IH), 3.80 (IH), 4.10 
(IH), 5.17 (IH) , 6.47 (IH), 6.91 (IH), 7.06-7.29 (H) ppm . 

Example 121 

(3S,6R,7S,8S, 12E/2, 15S, 16E) -6-Benzy l-l-hydroxy-17- ( 2-methyl-4- 
thiazolyl) -4 , 4 , 8 , 12 , 16-pentamethyl-3 ,1 , 15-tris- [ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 432 mg (420 ^titiol) of the 
compound that is presented according to Example 12 is reacted, 
and after working-up and purification, 264 mg (289 /xmol, 69%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = -0.03-0.12 (18H), 0.53 (IH), 0.78-1.40 
(41H) , 1.62 + 1.71 (3H), 1.42-1.81 (2H), 2.00 (3H), 1.92-2.10 (2H) , 
2.27 (2H) , 2.70 (3H), 2.852 (IH), 3.09 (IH), 3.30 (2H), 3.40 
(IH), 3.70 (IH), 3.81 (IH), 4.11 (IH), 5.17 (IH), 6.46 (IH), 6.91 
(IH), 7.11-7.30 (5H) ppm. 

Example 12m 

(3S, 6R,7S,8S, 12E/Z, 15S, 16E) -6-Benzy 1-3 , 7 , 15-tris- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -4 , 4 , 8 , 12 , l6-pentamethyl-l7- (2-methyl-4- 
thiazolyl) -5-oxo-heptadeca-l2 , l6-dienoic acid 

Analogously to Example Ik , 2 64 mg (2 89 /xmol) of the compound 
that is presented according to Example 121 is reacted, and after 
working-up, 255 mg (279 /Ltniol, 97%) of the title compound is 
J.solated^_as a col orless oil, which is further reacted without 
purification. 
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Example 12n 

(3S, 6R,7S,8S, 12Z, 15S, 16E) -6-Benzy 1-17- ( 2 -methy 1-4-thiazolyl) -5- 
oxo-4, 4^ 8, 12 ^ l6-pentamethyl-3 ,1 , 15-tris-[ [dimethyl (1/ 1- 
dimethylethyl) silyl]oxy]-heptadeca-l2, 16-dienoic acid (A) and 
(3S^ 6R, 7S, BS^ 12E, 15S, 16E) -6-benzyl-17- ( 2 -methyl-4-thia2olyl) -5- 
oxo-4 , 4 , 8, 12 , 16-pentamethyl-3 , 7 , 15-tris- [ [dimethyl (1/1- 
dimethylethyl) silyl] oxy] -heptadeca-12 , 16-dienoic acid (B) 
Analogously to Example lat, 255 mg (279 /imol) of the 
compound that is presented according to Example 12m is reacted, 
and after working-up and purification, 61 mg (66 /Ltmol, 24%) of 
title compound A is isolated as a colorless solid, and 54 mg (58 
/xmol, 21%) of title compound B is isolated as a colorless oil. 

^H-NMR (CDCI3) of A: 5 = -0,07-0.18 (18H), 0.60 (3H), 0.78 
(3H), 0.82 (9H) , 0.89 (9H), 0.92 (9H), 1.07 (3H), 1.72 (3H), 1.95 
(3H), 0.74-2.33 {12H), 2.69 (3H), 2.91 (IH), 3.03 (IH), 3.41 
(IH), 3.62 (IH), 4.20 (IH), 4.30 (IH), 5,23 (IH), 6.72 (IH), 6.96 
(IH), 7.05-7.29 (5H) ppm. 

^H-NMR (CDCI3) of B: 5 = -0.08-0,14 (18H), 0,72 (3H), 0.82 
(3H), 0.85 (9H) , 0.90 (9H), 0.93 (9H) , 0.98 (3H), 1.60 (3H), 
0.65-2,08 (9H) , 1,96 (3H), 2.12 (IH), 2.29 (2H), 2.71 (3H), 2.92 
(2H), 3.47 (IH), 3,69 (IH), 4.09 (IH), 4.21 (IH), 5,12 ( IH) , 6.49 
(IH), 6.95 (IH), 7.06-7.30 (5H) ppm. 



Example 12o 

(3S, 6R, 7S/ 8S, 12Z, 16E) -6-Benzyl"l5-hydroxy-l7- (2-methyl-4- 
thiazolyl) -5-oxo-4 ,4,B,12, 16-pentamethyl-3 ^ 7 -bis- [ [dimethyl (1/1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 61 mg (66 /imol) of compound A 
that is presented according to Example 12n is reacted at 2 3°C, 
and after working-up and purification, 33 mg (41 ^mol, 61%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = -0.11 (3H), -0.08-0.05 (9H) , 0.80 (9H) , 
0.88 (9H) , 0.91 (3H), 0.94 (3H), 0.99 (3H), 1.72 (3H), 1.98 (3H), 
0.77-2.22 (12H), 2.69 (3H), 2.70-2.91 (2H), 3.39 (IH), 3.62 (IH), 
4.18 (IH) , 4.33 (IH), 4.43-5.73 (IH), 5.13 (IH), 6.68 (IH), 6.91 
(IH), 7.05-7.26 (5H) ppm. 

Example 12 p 

(4S,7R/8S,9S/ 13Z, 16S (E) ) -4,8-Bis-[ [ dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -7-benzyl-16- (l-methyl-2- (2-methyl-4- 
thiazolyl) ethenyl) -l-oxa-5, 5,9, 13-tetramethyl-cyclohexadec-13- 
ene-2 , 6-dione 

Analogously to Example law, 3 3 mg (40 )Ltmol) of the compound 
that is presented according to Example 12o is reacted, and after 
working-up and purification, 17 mg (21 /imol, 53%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = -0.06 (3H), 0.00 (3H), 0.07 (3H), 0.09 
(3H), 0.98 (3H) , 1.71 (3H), 2.10 (3H), 0.70-2.48 (34H), 2.63 
(IH), 2.71 (3H), 2.81 (2H), 3.23 (IH), 3.76 (IH), 4.17 (IH), 5.13 
(2H) , 6.56 (IH), 6.95 (IH), 7.06-7.32 (5H) ppm. 



Example 12 

(4S, 7R, 86, 9S, 13 2, 16S (E) ) -4 , 8-Dihydroxy-7-benzyl-l6- ( l-methyl-2- 
(2-methyl-4-thiazolyl) ethenyl) -l-oxa-5/ 5, 9, 13-tetramethyl- 
cyclohexadec-13-ene-2 , 6-dione 

Analogously to Example 1, 12.2 mg (9.7 /iinol) of the compound 
that is presented according to Example 12p is reacted, and after 
working-up and purification, 5.0 mg (8.8 /xmol, 91%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.61 (3H), 0.83 (3H), 1.11 (3H), 1.22- 
2.00 (5H) , 1.71 (3H), 2.05 (3H) , 2.19-2.49 (5H) , 2.61 (IH), 2.66 
(3H), 2.89 (IH), 3.03 (IH), 3.59 (IH), 3.67 (IH), 4.21 (IH), 5.10 
(IH), 5.24 (IH), 6.53 (IH), 6.92 (IH), 7.07-7.31 (5H) ppm. 

Example 13 

(4S^7R,8S, 95, 13E, 16S (E) ) -4 , 8-DihydroxY-7 -benzy 1-16- ( 1-methy 1-2 - 
(2-methvl-4-thiazolYl) ethenyl) -l-oxa-5 ,5,9, 13-tetramethvl- 
cvclohexadec-13-ene-2 , 6-dione 

Example 13a 

(3S, 6R, ?S, 8S, 12E, 15S, 16E) -6-Benzyl-15-hydroxy-17- (2-methyl-4- 
thiazolyl) -5-oxo-4, 4,8, 12 , 16-pentamethyl-3 , 7-bis- [ [dimethyl (1/1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 47 mg (51 /itmol) of compound B 
that is presented according to Example 12n is reacted at 2 3°C, 

" and" af t^T-~wof k'ing-up~ and~pur if icat ion^^ mg" ( 2 7— /Limol , — 53 % )— of 

the title compound is isolated as a colorless oil. 
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^H-NMR {CDCI3) : 6 = -0.08 (3H), -0.03-0.09 (9H), 0.82 (9H) , 
0.89 (12H), 0.97 (6H), 1.64 (3H), 2.02 (3H), 0.78-2.10 (9H) , 
2.27-2.46 (2H) , 2.70 (3H) , 2.82 (2H) , 2.92-3.34 {2H) , 3.42 (IH), 
3.67 (IH) , 4.19 (IH), 4.32 (IH), 5.28 (IH), 6.63 (IH), 6.92 (IH), 
7.02-7.27 (5H) ppm. 

Example 13b 

(4S,7R,8S,9S, 13E, 16S (E) ) -4,8-Bis-[ [dimethyl ( 1^ 1- 
dimethylethyl) silyl]oxy] -7-benzyl-16- ( l-methyl-2- (2-methyl-'4- 
thiazolyl) ethenyl) -l-oxa-5/ 5 / 9 , l3-tetramethyl-cyclohexadec-l3- 
ene-2 , 6-dione 

Analogously to Example law, 22 mg (27 /LtTnol) of the compound 
that is presented according to Example 13a is reacted, and after 
working-up and purification, 12 mg (15 jitmol, 56%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = -0.04 (3H), 0.06 (6H), 0.12 (3H) , 0.80 
(3H) , 0.88 (9H) , 0.90 (9H) , 0.96 (3H), 1.08 (3H), 1.64 (3H), 
0.74-1.72 (4H) , 1.80-2.27 (5H), 2.09 (3H), 2.33 (IH), 2.53-2.82 
(2H), 2.70 (3H) , 2.96 (IH), 3.20 (IH), 3.74 (IH), 4-15 (IH), 
5.19-5.32 (2H) , 6.47 (IH), 6.90 (IH), 7.07-7.31 (5H) ppm. 

Example 13 

(4S,7R,8S,9S, 13E, 16S (E) ) -4 , 8-Dihydroxy-7 -benzy 1-16- ( l-methyl-2 - 
(2-methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5, 9 , 13-tetramethyl- 
cyclohexadec-13-ene-2 , 6-dione 

^AnaXogous^Xy ^to^* Example 1, 12 mg (15 ^tmol) of the compound 

that is presented according to Example 13b is reacted, and after 
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working-up and purif ication/ ~6 Vd 

compound is isolated as a colorless oil, 

^H-NMR (CDCI3) : 6 = 0,69 (3H), 0,72 (3H), 0,89 (IH), 1.08 
{3H) , 1.38-1.69 (3H), 1,61 (3H), 1.90-2.12 (2H), 2.02 (3H) , 2.19 
(IH), 2.25-2.44 (3H), 2.54 (IH), 2.69 (3H), 2.79 (IH), 2.99 (IH), 

3,73 (2H) , 4.25-4.39 (2H), 4,66 (IH), 5.03 (IH), 5.34 (IH), 6.52 
(IH), 6.97 (IH) , 7.04-7.29 (5H) ppm. 

Example 14 

(IS^ 3S (E) , 78, lOR^ IIS^ 12s , 16R) -lO-Benzyl"? , ll-dihvdroxv-3 - ( 1- 
methvl-2- (2-methYl-4-thiazolYl) ethenyP -8,8, 12 , 16-tetramethvl- 
4 , 17"dioxabicvclori4 > 1 « 0 1 heptadecane-5 , 9-dione (A) and 
(IR, 3S (E) , 7S, ICR, lis. 12s, 168) -10-benzYl"7 , ll-dihydroxy-a- ( 1- 
methyl-2- (2"methvl-4-thiazolvl) ethenyl) "8,8, 12 , le-tetramethyl- 
4 , 17-dioxabicyclo f 14 , 1 . 0 1 heptadecane-5 , 9-dione (B) 

The solution of 4.0 mg (7.0 fjLmol) of the compound, presented 
according to Example 12, in 0.1 ml of acetonitrile is mixed with 
38 Ml of a 1 M solution of sodium ethy lenediamine tetraacetate, 
cooled to 0°C, and mixed with 67 ^1 of 1 , 1 , 1-tr if luoroacetone as 
well as a mixture of 21 mg of oxone and 4.5 mg of sodium 
bicarbonate. It is allowed to react for 5 hours, poured onto 
sodium thiosulfate solution and extracted several times with 
ethyl acetate. The combined organic extracts are washed with 
saturated sodium chloride solution, and the residue that is 
obtained after filtration and removal of the solvent is purified 
-by^-chromatogr-aphy_-on ^an_anal_yjt.ic_thin^laye_r_plate As a mobile 
solvent, a mixture of n-hexane and ethyl acetate is used. 2.2 mg 



(3,8 ^mol, 54%) of title compound A and 0.3 mg (0,5 ^mol , 7%) of 
title compound B are isolated in each case as a colorless oil, 
^H-NMR (CDCI3) of A: <S = 0.67 (3H), 0.80 (3H), 1.07 (3H), 
1.29 (3H) , 1.35-2,06 (9H) , 2.09 (3H), 2.33 (IH), 2,49 (IH), 2.68 
(3H) , 2.72-2,85 (2H), 3.04 (IH), 3.40 (IH), 3.62 (IH), 3.77 (IH), 
4.22 (IH) , 4.51 (IH), 5.47 (IH), 6.51 (IH), 6.95 (IH), 7,06-7.30 
(5H) ppm. 

^H-NMR (CDCI3) of B: S = 0.68 (3H), 0,76 (3H), 0,86 (IH), 
1.07 (3H) , 1.23-2.13 (7H) , 1.30 (3H), 2.08 (3H) , 2.30-2.49 (2H) , 
2.70 (3H) , 2.87-3,11 (3H), 3.28 (2H), 3.57 (IH), 3.93 (IH), 4.21 
(IH), 4.54-5.73 (IH), 5.58 (IH), 6.58 (IH), 6.97 (IH), 7.07-7.31 
(5H) ppm. 

Example 15 

(IS^ 3S (E) ^ 7S, lOR, IIS^ 12S^ 16S) -10-Ben2vl-7 , ll-dihydroxY-B " ( 1" 
methYl"2- (2-methvl"4-thiazolYl) ethenvl) -8, 8, 12 ^ le-tetramethyl- 
4 M 17-dioxabicvclo ri4 . 1 , 0 1 heptadecane-5 , 9-dione (A) and 
( IR, as (E> , 7S , lOR, lis, 12s . 16R) -lO-benzvl-? , ll-dihydroxY-B- (1- 
methyl"2- (2"methYl"4-thia2olvl) ethenyl) -8 , 8 , 12 # 16-tetramethYl" 
4 , 17-dioxabicYclo |" 14 . 1 > 0 1 heptadecane-5 , 9-dione (B) 

Analogously to Example 14, 3,1 mg (5.4 /xmol) of the compound 
that is presented according to Example 13 is reacted, and after 
working-up and purification, 0,7 mg (1.2 ^tmol, 22%) of title 
compound A or B and 0.6 mg (1.0 /xmol, 19%) of title compound B or 
A are i sola ted as colorless oils. 

^H-NMR (CDCI3) of A or B: € = 0.76 (3H), 0,88 (3H), 1.02 
(3H) , 1.24 (IH) , 1.30 (3H), 1.38-1,78 (5H), 1,92-2,13 (3H), 2.07 



(3H), 2.44 (2H) , 2,70 (3H), 2.78-2.87 (2H), 3.04 (IH), 3.60 (IK), 
3.71-3.80 (2H), 4.01 (IH), 4.28 (IH), 5.45 (IH), 6.62 (IH), 6.99 
(IH), 7.11-7.31 (5H) ppm. 

^H-NMR (CDCI3) Of B or A: 6 = 0.70 (3H), 0.76 (3H), 1.06 
(3H), 1.19-1.64 (5H), 1.22 (3H), 1.80 (IH), 1.90-2.12 (3H), 2,07 
(3H), 2.46 (2H), 2.69 (3H), 2.79 (IH), 2.92 (IH), 3.08 (IH), 3.32 
(IH) , 3.57 (IH), 3.62 (IH), 3.71 (IH), 4.12 (IH), 5.42 (IH), 6.54 
(IH), 6.96 (IH), 7.06-7.31 (5H) ppm. 

Example 16 

(4S , 7S, BR, 9S , 13 2 > 16S (E) ) -4 , 8-DihYdroxv7-benzYl-16- ( l-methYl-2- 
(2-methYl"4"thiazolvl) ethenvl) -l-oxa-S, 5, 9 , la-tetramethyl- 
cYclohexadec-l3-ene-2 , 6-dione 
Example X6a 

(4S(4S,5R, 6S^ lORS) ) -4- ( 2 , 6-Dimethyl-lO- [ [ (1, 1- 
dimethylethyl) diphenylsilyl]oxy] -4-benzyl-3-oxo-5- 
( tetrahydropyran-2 -y loxy ) -undec-2 -y 1 ) -2 , 2 -dimethyl- [ 1 / 3 ] dioxan 

Analogously to Example la, 1.71 g (2.59 mmol) of compound B 
that is presented according to Example 12c is reacted, and after 
working-up and purification, 1.51 g (1.99 mmol, 77%) of the title 
compound is isolated as a colorless oil. 

Example 16b 

(4S (4S, 5R, 6S, ICRS) ) -4- (2 ^ 6-Dimethyl-4-benzyl-10-hydroxy-3-oxo-5- 
( tetrahydropyran-2 -y loxy ) -u ndec-2 -yl) -2, 2-di methy l- [1/3 ] diox ane 

Analogously to Example li, 1.51 g (1.99 mmol) of the 
compound that is presented according to Example 16a is reacted. 



and after working-up and purification, 855 mg (1.65 mmol, 83%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.88 + 0.92 (3H), 0,92-1.95 (32H), 2.82- 
3.10 (2H), 3.32-3.59 (2H) , 3.71-3.98 (5H), 4.43-4.59 (IH), 7.11- 
7.31 (5H) ppm. 

Example 16c 

(4S (4S, 5R, 6S) ) -4- ( 2 , 6-Dimethyl-4-benzy 1-3 ^ lO-dioxo-5- 

( tetrahydropyran-2-yloxy ) -undec-2-yl) -2 , 2 -dimethyl- [ 1/ 3 ] dioxan 

Analogously to Example Im, 850 mg (1.64 mmol) of the 
compound that is presented according to Example 16b is reacted, 
and after working-up and purification, 741 mg (1.43 mmol, 88%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.84 + 0.90 (3H), 0.95 + 1.05 (3H), 0.97 
(3H) , 1.8-1.88 (19H) . 2.15 (3H), 2.42 (2H), 2.79-3.08 (2H), 3.31- 
3.57 (2H) , 3.69-3.96 (5H), 4.43+4.52 (IH), 7.10-7.29 (5H) ppm. 

Example 16d 

(4S (4S,5R, 6S, lOE/Z, 13S, 14E) ) -4 - (13 - [ [ ( 1 , 1- 

Dimethylethyl) diphenylsilyl]oxy] -4-benzyl-15- (2-methyl-4- 
thiazolyl) -3-0x0-5- (tetrahydropyran-2-yloxy) -2,6/10, 14- 
tetramethyl-pentadeca-10, 14-dien-2-yl) -2 , 2 -dimethyl- [ 1# 3 ] dioxane 

Analogously to Example lao, 7 37 mg (1.43 mmol) of the 
compound that is presented according to Example 16c is reacted 
jwlth use ofn^butylli^ as a base, and after working-up and 

purification, 491 mg (525 ^mol , 37%) of the title compound is 
isolated as a colorless oil. 
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Example I6e 

(4S(4S,5R,6S,10E/Z,13S,14E))-4- ( 4 -Benzyl-13 -hydroxy-15- ( 2 -m thyl- 
4-thiazolyl) -3-oxo-5- ( tetrahydropyran-2-yloxy) -2,6, 10, 14- 
tetramethy 1-pentadeca-lO , 14-dien-2 -y 1 ) -2,2 -dimethyl- [1,3] dioxane 

Analogously to Example li, 1.09 g (1.17 mmol) of the 
compound that is presented according to Example 16d is reacted, 
and after working-up and purification, 677 mg (973 ^mol, 83%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.78-2.12 (31H), 1.67 + 1.73 (3H), 2.06 
(3H) , 2.36 (2H), 2.71 (3H), 2.81-3.08 (2H) , 3.30-3.52 (2H), 3.69- 
3.96 (5H), 4.14 (IH), 4.43+4.51 (IH), 5.20 (IH), 6.57 (IH), 6.95 
(IH), 7.08-7.30 (5H) ppm. 

Example I6f 

(3S,6S,7R,8S, 12E/Z, 15S, 16E) -6-Benzyl-17- (2-methyl-4-thiazolyl) -5- 
0x0-4, 4, a, 12 , l6-pentamethyl-heptadeca-12, 16-diene-l, 3, 7, 15- 
tetraol 

Analogously to Example If, 675 mg (970 /xmol) of the compound 
that is presented according to Example 16e is reacted, and after 
working-up and purification, 495 mg (866 fimol , 89%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = 0.73-0.86 (6H), 0.96-1.10 (3H), 1.21- 
1.79 (7H) , 1.67+1.76 (3H), 1.98-2.17 (5H), 2.28-2.50 (3H), 2.70 
(3H) , 2.85 (IH), 2.97 (IH), 3,09 (IH), 3.40-3.87 (7H), 4.16 (IH), 
5. 2 7 (IH) , 6.51+6.57 (IH), 6.94 (IH), 7.07-7.30 (5H) ppm. 
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Example I69 

(3S, 6S, 7R, 8S, 12E/Z, 15S, 16E) -6-Benzyl-17- (2-methyl-4-thiazolyl) - 
4, 4,8, 12 , 16-pentamethyl-l, 3, 7, l5-tetrakis-[ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , l6-dien-5-one 

Analogously to Example laq, 337 mg (589 /iitiol) of the 
compound that is presented according to Example 16f is reacted, 
and after working-up and purification, 444 mg (432 /xmol, 73%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = -0.08-0.13 (24H), 0.42 (3H), 0.79-1.03 
(42H), 1.11-1.73 (8H) , 1.60+1,67 (3H), 1.90-2.08 (4H) , 2.26 (2H), 
2.71 (3H), 2.91 (2H), 3.22 (IH), 3.50-3.72 (3H), 3.85 (IH), 4.09 
(IH), 5.16 (IH), 6.46 (IH), 6.91 (IH), 7.07-7.27 (5H) ppm. 

Example 16h 

(3S, 6S, 7R, 8S, 12E/Z, 15S, 16E) -6-Benzyl-l-hydroxy-17- ( 2-methyl-4- 
thiazolyl) -4 , 4 , 8 , 12 , 16-pentamethyl-3 , 7 , 15-tr is- [ [dimethyl (1,1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 444 mg (43 2 /imol) of the 
compound that is presented according to Example 16g is reacted, 
and after working-up and purification, 272 mg (297 ^mol, 69%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = -0.07-0.18 (18H), 0.48 (3H), 0.79-1.72 
(40H) , 1.61+1.68 (3H) , 1.81 (IH), 1.90-2.09 (5H), 2.26 (2H), 2.70 
(3H), 2.86-3.04 (2H), 3.23 (IH), 3.59 (2H) , 3.70 (IH), 3.91 (IH), 
4.10 (IH), 5.16 (IH), 6.44 (IH), 6.91 (IH), 7.08-7.29 (5H) ppm. 
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Example 16 i 

(3S, 6S,7R^8S^ 12E/Z, 15S, 16E) -6-Benzyl-3 ^ 7 , 15-tr is- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -4, 4, 8, 12, 16-pentamethyl-l7- (2-methyl-4- 
thiazolyl) -5-oxo-heptadeca-12 , 16-dienoic acid 

Analogously to Example Ik, 272 mg (297 jitmol) of the compound 
that is presented according to Example 16h is reacted, and after 
working-up, 2 64 mg (289 Mii^ol/ 97%) of the title compound is 
isolated as a colorless oil, which is further reacted without 
purification. 

Example 16k 

(3S, 6S,7R,8S, 12Z, 158, 16E) -6-Benzyl-17- ( 2 -methyl-4-thiazolyl) -5- 
oxo-4,4,8,12, l6-pentamethyl-3,7, l5-tris-[ [dimethyl (1, 1- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dienoic acid (A) and 
(3S, 6S,7R,8S, 12E, 15S, 16E) -6-benzyl-17- ( 2 -methyl-4 -thiazolyl) -5- 
oxo-4, 4, 8, 12 / 16-pentamethyl-3, 7, l5-tris- [ [dimethyld, 1- 
dimethylethyl) silyl] oxy] -heptadeca-12 , 16-dienoic acid (B) 

Analogously to Example lat, 264 mg (289 /Ltmol) of the 
compound that is presented according to Example 16i is reacted, 
and after working-up and purification, 87 mg (94 /Ltmol, 32%) of 
title compound A and 67 mg (73 /xmol, 25%) of title compound B are 
isolated in each case as a colorless oil. 

^H-NMR (CDCI3) of A: <S = -0.09 (3H), -0.02-0.13 (15H), 0.69 
(3H) , 0.80-1.48 (32H), 1.03 (3H), 1.63-1.79 (IH), 1.68 (3H), 2.00 
-(-3 H-)-,- 1 .-9 1-2 .^09 _ (2 H ) 2^^2^ 2 . 3^ (3H), 2.72 (3H), 2.77-3.20 (6H), 
3.31 (IH), 3.70 (IH), 4.10 (IH), 4.43 (IH), 5.16 (IH), 6.47 (IH), 
6.91 (IH), 7.08-7.29 (5H) ppm . 



'H-NMR (CDCI3) of B: 5 = -0.10 (3H), -0.03-0.17 (15H), 0.68 
(3H) , 0.80-1.50 (33H) , 1.02 (3H), 1.61 (3H), 1.71 (2H), l,88-2-07 
(2H) , 2.00 (3H) , 2.11-2.68 (4H) , 2.71 (3H), 2.86 (2H) , 3.30 (IH), 
3.69 (IH), 3.75-4.08 (IH), 4.11 (IH), 4.43 (IH), 5.16 (IH), 6.47 
(IH) , 6.91 (IH), 7.08-7.30 (5H) ppm. 

Example 161 

(38, 6S,7R,8S, 12Z,15S, 16E) -6-Benzyl-15-hydroxy-17- (2-methyl-4- 
thiazolyl) -5-0x0-4 / 4 , 8, 12 , 16-pentamethyl-3 , 7 -bis- [ [dimethyl (1,1- 
dimethylethyl) silyl] oxy ] -heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 87 mg (94 /xmol) of compound A 
that is presented according to Example 16k is reacted at 2 3°C, 
and after working-up and purification, 76 mg (93 ^6mol, 99%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = -0.03-0.13 (12H), 0.52 (3H), 0.78-1,80 
(28H) , 1.73 (3H), 1.91-2,17 (2H), 2.00 (3H), 2.21 (2H), 2.34 
(2H) , 2.69-3.01 (3H) , 2.73 (3H), 3.19 (IH), 3.31 (IH), 3.74 (IH), 
4.13 (IH), 4.28-5.68 (IH), 4.36 (IH), 5.18 (IH), 6.62 (IH), 6.97 
(IH), 7.08-7.31 (5H) ppm. 

Example 16m 

(4S,7S,8R, 9S, 13Z, 16S (E) ) -4, 8-Bis- [ [dimethyl (1, 1- 
dimethylethyl) silyl] oxy] -7-ben2yl-l6- ( l-methyl-2- (2-methyl-4- 
thiazolyl) ethenyl) -l-oxa-5, 5,9, l3-tetramethyl-cyclohexadec-13- 

-en!e-2.,j6-dione 

Analogously to Example law, 76 mg (93 /Limol) of the compound 
that is presented according to Example 161 is reacted, and after 
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working-up and purification, 68 mg (85 /iinol, 92%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = -0^02 (3H), 0.01 (3H), 0.16 (3H), 0,30 
(3H) , 0.54 (3H) , 0.64 (3H), 0.85 (9H) , 0.97 (9H), 0.99 (3H), 
0.80-1.75 (5H) , 1.69 (3H), 1.89 (IH), 1.98-2.31 (3H), 2.13 (3H), 
2.37 (IH), 2,52 (IH), 2.70 (IH), 2.72 (3H), 3.10 (IH), 3.46 (IH), 
3.96 (IH), 4.05 (IH), 5.10 (IH), 5.15 (IH), 6.48 (IH), 7.02 (IH), 
7.09-7.31 (5H) ppm. 

Example 16 

(4S, 7S,8R, 9S, 13Z^ 16S (E) ) -4 , 8-Dihydroxy-7 -benzyl-16- ( l-methyl-2- 
(2-methyl-4-thiazolyl) ethenyl) -i-oxa-5/ 5/9, 13-tetramethyl- 
cyclohexadec-l3-ene-2 / 6-dione 

Analogously to Example 1, 10 mg (13 /xitiol) of the compound 
that is presented according to Example 12p is reacted, and after 
working-up and purification, 6.3 mg (11 jitmol, 89%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = 0.47 (3H), 0.84 (IH), 0.97 (3H), 1.04 
(3H) , 1.22-1.70 (4H) , 1.76 (3H), 1.94 (IH), 1.93 (3H), 2.22-2.49 
(4H) , 2.61-2.77 (IH), 2.71 (3H), 2.83 (IH), 2.90 (IH), 3.02 (IH), 
3.08 (IH) , 3.59 (IH) , 3.62 (IH), 4.18 (IH), 5.19 (IH), 5.53 (IH), 
6.50 (IH) , 6.96 (IH), 7.08-7.31 (5H) ppm. 



Example 17 

(4S, 7S, 8R^ 9S , 13E^ 16S (E) ) -4 , 8-Dihvdroxv7 -benzyl-ie- ( l-methvl-2«- 
(2-methyl-4-thia2olvl) ethenvl) -l-oxa-5^ 5,9^ 13-tetramethvl- 
cYclohexadec"l3-ene-2 , 6-dione 

Example 17a 

OS, 6S,7R,8S, 12E, 15S, 16E) -6-Benzyl-15-hydroxy-l7- ( 2 -methyl-4- 
thiazolyl) -5-oxo-4 , 4, 8, 12 , 16-pentamethyl-3 , 7-bis- [ [dimethyl (1, l- 
dimethylethyl) silyl]oxy] -heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 67 mg (72 /ixnol) of compound B 
that is presented according to Example 16k is reacted at 2 3°C, 
and after working-up and purification, 57 mg (70 jLtmol, 97%) of 
the title compound is isolated as a colorless oil. 

^H-NiyiR (CDCI3) : 8 = -0,06-0.13 (12H), 0.47 (3H) , 0.77-1.76 
(28H), 1.64 (3H) , 1.90-2.07 (2H), 2.00 (3H), 2.28 (2H), 2.39 
(2H) , 2.66-2.89 (2H), 2.73 (2H) , 2.91-3.05 (3H), 3.19 (IH), 3.29 
(IH), 3.76 (IH), 4.20 (IH), 4.36 (IH), 5.16 (IH), 6.58 (IH), 6.94 
(IH) , 7.07-7.31 (5H) ppm . 

Example 17b 

(4S,7S,8R,9S, 13E, IBS (E) ) -4 , 8-Bis- [ [dimethyl { 1, 1- 
dimethylethyl) silyl] oxy ] -7-ben2yl-16- (l-methyl-2- (2-methyl-4- 
thiazolyl) ethenyl) -l-oxa-5, 5,9, l3-tetramethyl-cyclohexadec-13- 
ene-2, 6-dione 

^ .Analo_gpus_ly to Exa^ mg (70 /xmol) of the compound 

that is presented according to Example 17a is reacted, and after 
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working-up and purification, 32 lug (40 /Ltmol, 57%) of the title 
compound is isolated as a colorless solid. 

^H-NMR (CDCI3) : S = 0.07 (9H) , 0.23 (3H) , 0.53 (3H), 0.72 
(3H) , 0.88 (9H) , 0.93 (9H) , 0.98 (3H), 1.08-1.30 (2H), 1.39 (IH), 
1.48-1.86 (3H) , 1.61 (3H), 2.10 (3H), 2.07-2.27 (2H), 2.31-2.58 
(3H) , 2.63-2.78 (IH), 2.71 (3H), 3.08 (IH), 3,41 ( IH) , 3.82 (IH), 
4.19 (IH), 5.08 (IH), 5.15 (IH), 6.51 (IH), 7.02 (IH), 7.08-7.30 
(5H) ppm. 

Example 17 

(4S,7S,8R,9S, 13E, 16S (E) ) -4 , 8-Dihydroxy-7 -benzyl-16- ( 1-methy 1-2 - 
(2-iiiethyl-4-thiazolyl) ethenyl) -l-oxa-S, 5^ 9 , 13-tetramethyl- 
cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example 1, 32 mg (40 jLtmol) of the compound 
that is presented according to Example 17b is reacted, and after 
working-up and purification, 16.6 mg (29 /xmol, 73%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = 0.35 (3H), 0,91 (3H), 0.93 {3H), 1.61 
(3H), 0.83-1.72 {5H), 1.94-2.20 (2H), 2.09 (3H), 2.32 (IH), 2.46 
(IH), 2.51 (2H), 2.69 (3H), 2.90-3.02 (3H), 3.13 (IH), 3.55-3.68 
(2H), 4.23 (IH), 5.11 (IH), 5.43 (IH), 6.47 (IH), 6.92 (IH), 
7.07-7.31 (5H) ppm. 



Example 18 

(1S,3S (E) ^75, IPS, IIR^ 12S. 16R) -lO-Benzvl"? , ll-dihydroxy-a- ( 1- 
methyl-Z- (2-methYl"4-thiazolvl) ethenyl) -8 ^ 8^ 12 , le-tetramethyl- 
4 » 17-dioxabicyclo r 14 , 1 , 0 1 heptadecane*5 , 9-dione (A) and 
(1R,3S (E) ,7S^ IPS, IIR, 12S, 16S) -lO-benzyl-7^ ll-dihydroxv-a- (1- 
methyl"2" (2-me'thyl-4-t:hiazolvl) ethenyl) -8 , 8 ^ 12 , 16-tetramethvl- 
Am 17"dioxabicyclo r 14 • 1, P] heptadecane-5 , 9-dione (B) 

Analogously to Example 14, 1,4 mg (2,5 ^tmol) of the compound 
that is presented according to Example 16 is reacted, and after 
working-up and purification, 0.3 mg (0.5 iiT^ol, 21%) of title 
compounds A and B is isolated as a colorless oil, 

^H-NMR (CDCI3) : S = 0.21 (3H), 0.98 (3H), 1.08 (3H), 1.23 
(3H) , 1.15-2.46 (lOH), 2.19 (3H), 2.71 (3H), 2.82 (IH), 2.91 
(IH), 2.95 (IH) , 3.10 (IH), 3.47 (IH), 3.95 (IH), 4.12 (IH), 4,42 
(IH), 4.70-5.30 (IH), 5.60 (IH), 6.65 (IH), 7.00 (IH), 7.12-7.32 
(5H) ppm. 

Example 19 

(1S,3S (E) ^ 7S^ IPS, llR^ 12s, 168) -lP-Benzyl-7 , ll-dihydroxv-3- ( 1- 
methyl-2" (2-methvl-4"thiazolyl) ethenyl) -8 , 8 , 12 , le-tetramethyl" 
4 » 17-dioxabicyclo c 14 ■ 1 , P 1 heptadecane-5 , 9-dione (A) and 
(IR, 38 (E) ,7S, IPS, IIR, 12S, 16R) -IP-benzy 1-7 , ll-dihydroxy-3- ( 1- 
methyl-2- (2"methyl"4-thiazQlyl) ethenyl) -8 , 8 , 12 , 16-tetramethvl- 
4 , 17-dioxabicyclo r 14 , 1 . P 1 heptadecane-5 , 9-dione (B) 

Analogou^J.y_^ 14, 7.4 mg (13 jitmol) of the compound 

that is presented according to Example 17 is reacted, and after ~ 
wor)cing-up and purification, 1.9 mg (3.3 /Ltmol, 25%) of title 
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compound A and 1.7 mg (2.9 m^ioI^ 22%) of title compound B are 
isolated in each case as a colorless oil. 

^H-NMR (CDClj) of A: 6 = 0.40 (3H), 0.89 (3H), 0.97 (3H), 
1.08-1.77 (6H), 1.22 (3H), 1.90-2.07 (3H) , 2.08 (3H) , 2.38 (IH) , 
2.57 (IH), 2.70 (3H), 2.83 (IH), 2.92-3.06 (3H), 3.19 (IH), 3.54 
(IH), 3.77 (IH) , 4.19 (IH), 5.53 (IH), 6.52 (IH), 6.97 (IH), 
7.08-7.31 (5H) ppm. 

^H-NMR (CDCI3) of B: 6 = 0.17 (3H), 0.89 (3H), 1.00 (3H), 
1.21-1.97 (8H) , 1.28 (3H), 2,06 (IH), 2.10 (3H), 2.27-2.44 (3H) , 
2.71 (3H), 2.90 (IH), 2.99-3.11 (2H), 3.36 (IH), 3.96 (IH), 4.20 
(IH), 4.29 (IH) , 5.77 (IH), 6.57 (IH), 6.98 (IH), 7.08-7.31 (5H) 
ppm. 

Example 2 0 

f4S.7R.8S,9S,13fZ) . 16SfE) ) -4 . 8-Dihvdroxv-16- ( l-methvl-2- f 2- 
pvridvl) ethenvl) -l-oxa-5 , 5 > 7 , 9 , 13-pentamethvl-cyclohexadec-13- 
ene-2 , 6-dione 

Example 2 0a 

(5E,3S) -[3-[ [ (1, l-Dimethylethyl)diphenYlsilYl]oxy]-4-methyl-5- (2- 
pyridyl) -pent-4-en-l-yl] -triphenylphosphonium iodide 

Analogously to Examples 7a to 7d, the title compound is 
obtained as a crystalline solid with use of diethyl (2- 
pyr idy 1 ) methanephosphonate . 

^H -NMR_ X CDC 1^ ) : 6_= 1^. 0 8_J 9 H ) , _ J. , 7_0 - 1^ 5 _ ( 2 H^, 1 .99 ( IH ) , 

3,00 (IH), 3.31 (IH) , 4.59 (IH), 6.68 (IH), 7.10 (IH), 7.18-7.46 
(8H) , 7.50-7.74 (18H), 7,74-7,87 (3H), 8.57 (IH) ppm. 



Example 2 0b 

(4S(4R, 5S, 6S^ lOE/Z, 13S, 14E) ) -4- (13-[ [ (1,1- 
Dimethylethyl) diphenylsilyl] oxy] -15- (2-pyridyl) -3-oxo-5- 
(tetrahydropyran-2-yloxy ) -2 / 4, 6, 10, 14-pentamethyl-pentadeca- 
10 , l4-dien-2 -y 1) -2 , 2-dimethyl- [1,3] dioxane 

Analogously to Example lao, 2.9 g (6.58 mmol) of the 
compound (4S (4R, 5S , 6S) ) -4 - (3 , lO-dioxo-2 , 4 , 6-t:r imethy 1-5- 

(tetrahydropyran-2-yloxy ) -undec-2-yl) -2 , 2-dimethyl- [1,3] dioxane 
that is produced analogously to Examples 11 (reaction with 
ethylmagnesium bromide) to Ian is reacted with 8.0 g (9.95 mmol) 
of the compound that is described under Example 20a and 7.54 ml 
of a 1.6 M solution of n-butyl lithium in n-hexane. In addition 
to starting material, 1.71 g (2.0 mmol, 31%) of the title 
compound is obtained. 

^H-NMR (CDCI3) : 6 = 0.84-0.98 (3H), 0.99-1.97 (42H) , 2.01 

(3H) , 2.29 (2H) , 3.22 (IH), 3.41 (IH), 3.58-4.01 (4H) , 4.07-4.22 

(2H) , 4.47+4.51 (IH), 5.01 (IH), 6.24 (IH), 7.07 (IH), 7.22-7.46 

(7H) , 7.52-7.75 (5H), 8.57 (IH) ppm. 

Example 2 0c 

(4S {4R, 5S, 6S, lOE/Z, 13S, 14E) ) -4- ( 13 -Hydroxy- 15- ( 2 -pyr idyl) -3-oxo- 
5- (tetrahydropyran-2-yloxy) -2, 4, 6, 10, 14-pentamethyl-pentadeca- 
10, 14-dien-2-yl) -2 , 2-dimethyl- [1,3] dioxane 

Analogously to Example li, 1.76 g (2.11 mmol) of the 

compound that _is,_presjBjri ted ajcc_orjiing_ to^ JExam^ is reacteci, 

and after working-up and purification, 1.17 g (1.95 mmol, 93%) of 
the title compound is isolated as a colorless oil. 



^H-NMR (CDCI3) : o = 0^S8-2.13 (37K), 2.09 {3H), 2.39 (2H), 
3.26 (IH) , 3.44 (IH), 3.75-4.02 (3H), 4,08-4.22 (2H), 4.48+4.55 
(IH) , 5.21 (IH), 6.60 (IH), 7.10 (IH), 7.25 (IH), 7.64 (IH), 8.60 
(IH) ppm. 

Example 2 0d 

(3S, 6R, 7S,8S, 12E/Z^ ISS^ 16E) -1 ^ 3 , 7 ^ 15-Tetrahydroxy-4 , 4 , 6 , 8 , 12 , 16- 
hexamethyl-17- (2-pyridyl) -heptadeca-12 , l6-dien-5-one 

Analogously to Example If, 1.17 g (1.95 mmol) of the 
compound that is presented according to Example 2 0c is reacted 
with use of p-toluenesulf onic acid-monohydrate , and after 
working-up and purification, 852 mg (1.79 mmol, 92%) of the title 
compound is isolated as a colorless oil. 

^H-NMR {CDCI3) : S = 0.83+0.88 (3H), 1-06 (3H), 1.12 (3H), 
1.22 (3H), 1.63+1.72 (3H), 0.98-1.82 (7H), 1.96-2.21 (3H), 2.07 
(3H), 2.39 (2H) , 2.90-3.80 (2H) , 3.28 (IH), 3.32-3.48 (2H), 3.89 
(2H), 4.06 (IH) , 4.18 (IH), 5.20 (IH), 6.59 (IH), 7.11 (IH), 7.28 
(IH), 7.64 (IH) , 8.59 (IH) ppm. 

Example 2 0e 

(3S,6R^7S^8S^ 12E/Z, 15S^ 16E) -1 , 3 , 7 , 15-Tetrakis- [ [dimethyl { 1, 1- 
dimethylethyl) silyl]oxy] -4 ,4/6, 8, 12, 16-hexamethyl-l7- (2-pyridyl) - 
heptadeca-12 , l6-dien-5-one 

Analogously to Example laq, 847 mg (1.78 mmol) of the 
^compoun^th^ i^ according to Example 2 0d is reacted, 

and after working-up and purification, 1.32 g (1.42 mmol, 80%) of 
the title compound is isolated as a colorless oil. 
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'H-NMR (CDCI3) : 6 = -0.02-0.13 (24H), 0.80-0.97 (39H), 1.02 
(3H) , 1.04 (3H) , 1.21 (3H) , 1.59+1.68 (3H), 1.08-1.70 (7H), 1.89- 
2.08 (2H) , 2.06 (3H), 2.28 (2H), 3.13 (IH), 3.52-3.74 (2H), 3.77 
(IH), 3.89 (IH), 4.11 (IH), 5.18 (IH), 6.48 (IH), 7.08 (IH), 7.21 
(IH), 7.62 (IH), 8.60 (IH) ppm. 

Example 2 Of 

(3S, 6R,7S,8S, 12E/Z^ 15S, 16E) -3 , 7 , 15-Tris- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -4,4,6,8, 12, l6-hexamethyl-l-hydroxy-l7- 
(2-pyridyl) -heptadeca-12 , l6-dien-5-one 

Analogously to Example lar, 1.32 g (1.42 mmol) of the 
compound that is presented according to Example 2 0e is reacted, 
and after working-up and purification, 1.06 g (1.29 mmol, 91%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <5 = 0.00-0.13 (18H), 0.80-0.97 (30H) , 1.06 
(6H) , 1.00-1.63 (7H) , 1.21 (3H), 1.58+1.68 (3H), 1.89-2.08 (3H), 
2.04 (3H) , 2.28 (2H), 3.12 (IH), 3.63 (2H), 3.79 (IH), 4.02-4.16 
(2H), 5.18 (IH), 6.48 (IH), 7,08 (IH), 7.21 (IH), 7.61 (IH), 8.60 
(IH) ppm. 

Example 2 0g 

(3S, 6R, 7S,8S, 12E/Z, 15S, 16E) -3,7, 15-Tris-[ [ dimethyl ( 1 , 1- 

dimethylethyl) silyl] oxy ] -4 , 4 , 6, 8 , 12 , 16-hexamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-l2 , 16-dienal 

Ana logou^ly jtq_Examp le Ik , 1.14 g (1.39 mmo 1 ) of the 

compound that is presented according to Example 20f is reacted, 
and after working-up, 1.10 g (1.35 mmol, 97%) of the title 
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compound is isolated as a colorless oil, which is further reacted 
without purification . 

Example 2 Oh 

(3S, 6R, 7S, 8S, 12E^ 15S, 16E) -3 ^ 7 , 15-Tris- [ [dimethyK 1 ^ 1- 
dimethylethyl) silyl]oxy] -4 , 4 , 6 , 8 , 12 , 16-hexamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-l2 , 16-dienoic acid (A) and 
(3S,6R^7S,8S, 12Z^15S,16E) -3 ^ 7 ^ 15-tr is- [ [dimethy 1 ( 1 , 1- 
dimethylethyl) silyl]oxy] -4 ^ 4 , 6 ^ 8 , 12 , 16-hexamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-12 / 16-dienoic acid (B) 

Analogously to Example lat, 1.10 g (1.35 mmol) of the 
compound that is presented according to Example 20g is reacted, 
and after working-up and purification, 467 mg (0.56 mmol, 42%) of 
title compound B and 37 4 mg (0.45 mmol, 33%) of title compound A 
are isolated in each case as a colorless oil. 

^H-NMR {CDCI3) of A: 6 = 0.00-0.19 (18H), 0.85 (3H), 0.90 
(27H) , 1.01-1.50 (6H) , 1.07 (3H), 1.15 (3H), 1.21 (3H), 1.57 
(3H), 1.81-2.08 (IH), 1.96 (3H), 2.24-2.41 (4H), 2.60 (IH), 3.18 
(IH), 3.83 (IH), 4.13 (IH), 4.38 (IH), 5.13 (IH), 6.50 (IH), 7.16 
(IH) , 7.36 (IH) , 7.71 (IH), 8.61 (IH) ppm . 

^H-NMR (CDCI3) of B: <S = -0.02-0.17 (18H), 0.80-0.98 (30H), 
1.00-1.59 (6H) , 1.05 (3H) , 1.13 (3H), 1.18 (3H), 1.69 (3H), 1.81- 
1.98 (IH), 1.91 (3H) , 2.10-2.40 (4H) , 2.49 (IH), 3.10 (IH), 3.79 
(IH) , 4.15 (IH), 4.42 (IH), 5.21 (IH), 6.63 (IH), 7.17 (IH), 7.31 



Example 2Gi 

(3S^6R,7S^ 8S^ 12 2, 15S, 16E) -3, 7-Bis-[ [dimethyl ( 1 , 1- 

dimethylethyl) silyl]oxy] -4, 4, 6, 8, 12, 16-hexamethyl-l5-hydroxy-l7- 
(2-pyridyl) -5-oxo-heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 405 mg (0,49 mmol) of compound B 
that is presented according to Example 2 Oh is reacted, and after 
working-up and purification, 338 mg (0.47 mmol, 96%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.00-0.15 (12H), 0.80-0.99 (21H), 1.02- 
1.60 (6H) , 1.07 (3H) , 1.14 (3H), 1.19 (3H), 1.72 (3H), 1.90-2.08 
(IH) , 1.99 (3H) , 2.17 (IH), 2.31 (IH), 2.38 (2H) , 2.49 (IH), 
3.00-4.00 (IH) , 3.12 (IH), 3.81 (IH), 4.19 (IH), 4.43 (IH), 5.24 
(IH), 6.73 (IH), 7.18 (IH), 7.32 (IH), 7.71 (IH), 8.60 (IH) ppm. 

Example 20 j 

(4S,7R,8S,9S, 13 (Z) , 16S (E) ) -4,8-Bis-[ [dimethyK 1 , 1- 
dimethylethyl) silyl]oxy] -16- (l-methyl-2- (2-pyridyl) ethenyl) -1- 
oxa-5/ 5/7,9, 13-pentamethyl-cyclohexadec-13-ene-2 , 6-dione 

Analogously to Example law, 287 mg (0.40 mmol) of the 
compound that is presented according to Example 20i is reacted, 
and after working-up and purification, 144 mg (0.21 mmol, 51%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = -0,09 (3H), 0.01-0.18 (9H), 0,79-1.32 
(4H) , 0,85 (9H) , 0,94 (9H), 0,98 (3H), 1,10 (3H), 1,14 (3H), 1.20 
( 3H) , 1. 46-1.^2 (3H), 1.69 (3H), 2,03-2.21 (IH), 2.15 (3H), 2.49 
(IH), 2.62-2,88 (2H), 3.03 (IH), 3.90 (IH), 4.05 (IH), 5.02 (IH), 
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5,19 (IH) , 6.58 (IH) , 7.11 (IK), 7.27 (IH), 7.65 (IH), 8.61 (IH) 
ppm. 

Example 2 0 

(4S^7R,8S/9S^ 13 (2) ^16S (E) ) -4 , 8-Dihydroxy-16- ( l-methyl-2- (2- 
pyridyl) ethenyl) -l-oxa-5, 5, 7 ,9, l3-pentamethyl-cyclohexadec-13- 
ene-2 , 6-dione 

Analogously to Example 1, 14 4 mg (2 06 Minol) of the compound 
that is presented according to Example 20 j is reacted, and after 

_ working-up and purification, 90 mg (191 /xmol, 93%) of the title 

Q 

compound is isolated as a colorless oil. 
B ^H-NMR (CDCI3) : S = 1.02 (3H), 1.08 (3H), 1.20 (3H) , 1.24- 

y I 

ry 1.43 (4H) , 1.38 (3H) , 1.67 (3H), 1.60-1.98 (2H), 2.06 (3H), 2.23 

(IH) , 2.31 (2H), 2.45 (IH), 2.64 (IH), 3.11-3.27 (2H), 3.73 (IH) 

Q 4.41 (IH) , 4.50-4.77 ( IH) , 5.09-5.23 (2H), 6.62 (IH), 7.14 (IH), 

Lff 

Q 7.31 (IH) , 7.69 (IH), 8.52 (IH) ppm. 

y 

— •— 3 

^ Example 21 

(1S,3S(E) ,7S,10R.11S,12S. 16R)-7.11-Dihvdroxv-3-(l-methvl-2-(2■ 
pyridvl) ethenyl) -8^ 8 > 10 ^ 12 , 16-pentamethvl-4 , 17- 
dioxabicvclori4 , 1, 0 1 heptadecane-5 , 9-dione (A) and 
(1R,3S (E) .75. ICR, IIS, 12S, 16S) -7 , ll-dihvdroxv-3- ( l-methvl-2 - ( 2 - 
pvridvl) ethenyl) -8 , 8. 10, 12 , l6-pentamethvl-4 . 17- 
dioxabicYclori4 > 1« 01 heptadecane-5 , 9-dione (B) and 

( 4 S . 7 R , 8 S . 9 S . 1 3 ( Z ) , 16S JjSj^ ^J"AjL^<^ ^ hvdr oxv- 1 6 - ( 1 -me t h v 1 - 2 - ( 2 -N- 

oxvpyridvl) ethenyl) -l-oxa-5, 5,7,9, 13-pentamethvl-cvclohexadec-13 
ene-2 , 6-dione (C) and 
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f IS, 3S (E) , 7S. lOR, 115, 12S . 16R) °7 , ll-dihydroxy 3- ( l-methvl-2- (2-N- 
ox YpyridYl) ethenvl) -8 , 8 , 10 , 12 , 16-pentamethYl-4 , 17- 
dioxabicYclori4 , 1. 0] heptadecane-5 , 9-dione (D) and 

(IR, 3S (E) , 7S, lOR, lis, 12S, 16S) -7 , ll-dihvdroxv-3 - ( l-methvl-2- (2-N- 
ox ypYridvl) ethenvl) -8 , 8, 10 , 12 , 16-pentamethvl-4 , 17- 
dioxabicvclo r 14 , 1, 01heptadecane-5,9-dione (E) 

Analogously to Example 14, 40 mg (84 Minol) of the compound 
that is presented according to Example 2 0 is reacted, and after 
working-up and purification, 8.5 mg (17 ^ti^ol, 21%) of title 
compound A, 2 . 0 mg (4 M^tiol, 5%) of title compound B, 2.9 mg (6 
/imol, 7%) of title compound C, 12.6 mg (25 /imol, 30%) of title 
compound D, and 2.5 mg (5 ^tmol, 6%) of title compound E are 
isolated. 

^H-NMR (CDCI3) of A: 5 = 1.00 (3H), 1.08 (3H), 1.16 (3H), 
1.21-1.98 (9H) , 1,29 (3H), 1.38 (3H), 2.07 (3H) , 2.19 (IH), 2.30 
(IH), 2.53 (IH), 2.81 (IH), 2.89 (IH), 3.29 (IH), 3.76 (IH), 4.37 
(IH), 5.40 (IH), 6.53 (IH), 7.16 (IH), 7.29 (IH), 7.70 (IH), 8.53 
(IH) ppm. 

'^H-NMR (CDCI3) Of B: <S = 0.94 (3H), 1.03 (3H), 1.11 (3H), 
1.28 (3H) , 1.38 (3H) , 1.00-1.95 (8H) , 2.14 (3H), 2.08-2.20 (IH), 
2.41 (IH) , 2.49 (IH) , 2.83 (IH), 3.09 (IH), 3.33 (IH), 3.95 (IH), 
4.06 (IH) , 4.17 (IH), 5.70 (IH), 6.64 (IH), 7.12 (IH), 7.25 (IH), 
7.67 (IH) , 8.59 (IH) ppm. 

^H-NMR (CDCI3) of C: S = 1.01 (3H), 1.04 (3H), 1.20 (3H), 
J.j^4 3_J^H)^ 1.6^ (3 Pl)^, 1^12-1.93 (6H), 2.02-2.64 (5H), 2.13 (3H), 
3.22 (IH), 3.38 (IH), 3.69 (IH), 4.56 (IH), 5.11 (IH), 5.18 (IH), 



# 233 ^ 



6.28 (IH), 7.03 (IH), 7.21 (IH), 7.37 (IH), 7.48 (IH), 8.29 (IH) 
ppm. 

^H-NMR (CDCI3) of D: 6 = 1.01 (3H), 1.06 (3H), 1.18 (3H) , 
1.30 (3H), 1.46 (3H), 1.13-1.89 (8H) , 2.14 (3H), 2.09-2.30 (2H) , 
2.52 (IH), 2.78 (IH), 3.17 (IH), 3.29 (IH), 3,71 (IH), 4.54 (IH), 
5.37 (IH), 6.24 (IH), 6.96 (IH), 7.22 (IH), 7.37 (IH), 7.42 (IH), 
8.2 8 (IH) ppm. 

^H-NMR (CDCI3) of E: S = 0.96 (3H), 1,06 (3H), 1.10 (3H), 

1.29 (3H), 1.43 (3H), 1.22-1,77 (6H), 1.78-2.18 (3H), 2,11 (3H) , 
2.35-2.52 (2H), 2.96 (IH), 3.31 (IH), 3.43 (IH), 3.91 (IH), 4.49 
(IH), 5.42 (IH), 5.49 (IH), 7.02 (IH), 7.19 (IH), 7.33 (IH), 7.45 
(IH), 8.28 (IH) ppm. 

Example 22 

(4S, 7R, as, 9S. 13 (E) , IBS (E) ) -4 , 8-Dihvdroxvl6- ( l-methvl-2 - (2- 
pvridvl) ethenyl) -l-oxa-S ,5,7,9, iB-pentamethvl-cvclohexadec-lB- 
ene-2 , 6-dione 

Example 22a 

(3S^6R^7S,8S,12E^15S^ 16E) -3 , 7-Bis- [ [dimethyl (1 , 1- 

dimethylethyl) silyl] oxy ] -4 , 4 , 6 , 8 , 12 , 16-hexamethyl-l5-hydroxy-17- 
(2-pyridyl) -5-oxo-heptadeca-l2 , l6-dienoic acid 

Analogously to Example li, 370 mg (444 Mxnol) of compound A 
that is presented according to Example 20h is reacted, and after 
working up and purification, 309 mg (430 fimol , 97%) of the title 
compound is isolated as a colorless oil. 



Example 2 2b 

(4S, 7R,8S,9S, 13 (E) , 16S (E) ) -4^8-Bis-[ [dimethyl ( 1 ^ 1- 
dimethylethyl) silyl]oxy] -16- ( l-methyl-2- (2-pyridyl) ethenyl) -1- 
oxa-5 ,5,7,9, 13-pentamethyl-cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example law, 3 09 g (430 /xmol) of the compound 
that is presented according to Example 22a is reacted, and after 
working up and purification, 233 mg (333 /xmol, 77%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0,02-0.17 (12H), 0.88 (18H), 0.93 (3H), 
1.09 (3H) , 1.12 (3H), 1.16-1.37 (2H) , 1.19 (3H), 1.45-1.64 (3H) , 
1.59 (3H) , 1.93 (IH), 2.08-2.21 (IH), 2.18 (3H), 2.50 (IH), 2.54- 
2.70 (^H) , 3.07 (IH), 3.90 (IH), 4.51 (IH), 5.20 (IH), 5.30 (IH), 
6.58 (IH), 7.10 (IH), 7.19 (IH), 7.63 (IH), 8.60 (IH) ppm. 

Example 22 

(4S,7R,8S,9S, 13 (E) ,16S(E) ) -4 ^ 8-Dihydroxy-16- (l-methyl-2 -{ 2 - 
pyridyl) ethenyl) -l-oxa-5 ,5,7,9, 13-pentamethyl-cyclohexadec-l3- 
ene-2 , 6-dione 

Analogously to Example 1, 228 mg (326 /xmol) of the compound 
that is presented according to Example 22b is reacted, and after 
working-up and purification, 131 mg (278 ^mol , 85%) of the title 
compound is isolated as a colorless oil 

^H-NMR (CDCI3) : 6 = 0.98 (3H), 1.07 (3H), 1.17 (3H), 1.31 
(3H) , 1.20-1.46 (3H) , 1.52-1.83 (2H), 1.61 (3H), 1.98 (IH), 2.08 

(J3H )_/ _ 2 .„17_( IH ) 2. 39 _( IH) , 2 . 41-2 . 6 6 (3H ) , 3.18-3.39 (2H), 3.66 

(IH) , 3.87 (IH), 4.38 (IH), 5.14 (IH), 5.42 (IH), 6.60 (IH), 7.13 
(IH), 7.32 (IH), 7.69 (IH), 8.56 (IH) ppm. 



Exampl 2 3 

{1R,3S{E) ,7S. lOR, IIS^ 12S,16R) -7 , ll-DihydroXY-a* ( l-methvl-2- (2- 

pyridyl) ethenyl) -8 , 8, 10, 12 ^ 16-pentamethyl"4 » 17- 

dioxabicvclo ('14,1,01 pentadecane-5 , 9-dione (A) and 

(1S,3S (E) >7S, lOR, lis, 12S, 16S) -7 , ll-dihvdroxv3 - ( l-methvl-2- (2- 

pyridyl) ethenyl) -8 , 8 , 10 , 12 , 16-pentamethyl"4 , 17- 

dioxabicvclo r 14 , 1. 0 1 heptadecane-5 , 9-dione (B) 

(IR, 35 (E) , 7S, lOR, lis, 12S, 16R) -7 , ll-dihvdroxv-3- ( l-methvl-2- ( 2-N- 
oxidopyridyl) ethenyl) -8, 8, 10, 12 , l6-pentamethyl-4 , 17- 
dioxabicyclo|'14 « 1, 01heptadecane-5, 9-dione (C) and 

(IS, 3S (E) ,7S, lOR, lis, 12 S, 16S) -7, ll-dihvdroxv-3- (l-methvl-2-f 2-N- 
oxidopyridyl) ethenyl) -8 , 8 , 10, 12 , 16-pentamethyl-4 ,17- 
dioxabicvclo r 14 , 1 , 01 heptadecane-5 , 9-dione ( D) 

Analogously to Example 14, 50 mg (106 /xmol) of the compound 
that is presented according to Example 2 0 is reacted, and after 
working-up and purification, 5.3 mg (11 ^tmol, 10%) of title 
compound A (or B) , 4.4 mg (9 jimol , 9%) of title compound B (or 
A), 9.6 mg (10 ^x^ol , 9%) of title compound C (or D) , and 11.1 mg 
(11 jLtinol, 11%) of title compound D (or C) are isolated. 

^H-NMR (CDCI3) of A or B: 5 = 0.94 (3H), 1.04 (3H), 1.13 
(3H) , 1.28 (3H) , 1.39 (3H), 2.11 (3H), 1.01-2.15 (9H), 2.44 (IH), 
2.58 (IH), 2.74 (IH), 2.91 (IH), 3.31 (IH), 3.73 (IH), 4.21 (IH), 
4.30 (IH) , 5.53 (IH), 6.53 (IH), 7.13 (IH), 7.30 (IH), 7.67 (IH), 
8.57 (IH) ppm. 

^H-NMR ((^0^13)^ Of B_^^ iJL£-_^^ {3H), 1.09 (3H), 1.14 

(3H), 1.28 (3H) , 1.37 (3H), 1.22-2.16 (9H), 2,09 (3H), 2.46 (IH), 
2.57 (IH) , 2.96 (IH), 3.08 (IH), 3.26 (IH), 3.72 (IH), 3.89 (IH), 



4.37 (IH), 5.47 (IH), 6.62 (IH), 7.13 (IH), 7.28 (IH), 7.68 (IH), 
8 . 57 (IH) , ppm. 

^H-NMR (CDCI3) of C or D: 6 = 0.93 (3H) , 1.06 (3H), 1,19 

(3H) , 1.21 (3H) , 1.44 (3H), 1.15-2.01 (8H) , 2.10 (3H), 2.12-2.26 

(2H), 2.49 (IH), 2.89 (IH), 3.26 (IH), 3.48 (IH), 3.67 (IH), 4.63 

(IH), 5.45 (IH), 5.76 (IH), 7.09 (IH), 7.21 (IH), 7.36 (IH), 7.45 
(IH) , 8 . 29 (IH) ppm. 

^H-NMR (CDCI3) of D or C: 6 = 0.96 (3H), 1.06 (3H), 1.15 

(3H), 1.24 (3H), 1.43 (3H), 1.02-2.19 (9H) , 2.08 (3H) , 2.23 (IH), 

2.56 (IH), 2.96 (IH), 3.29 (IH), 3.68 (2H), 4.53 (IH), 5.60-5.72 

(2H) , 7.10 (IH), 7.21 (IH), 7.37 (IH), 7.52 (IH), 8.29 (IH) ppm. 

Example 2 4 

(4S, 7R, as, 9S^ 13 (Z) . 16S (E) ) -4 , 8-Dihvdroxv-7"ethvl-16- (l-methvl-2- 
(2-pyridvl) ethenvl) -l-oxa-5, 5,9, is-tetramethyl-cvclohexadec-is- 
ene-2 , 6-dione 
Example 2 4h, Variant 1 

{3S, 6R,7S^8S, 12E/Z, 15S, 16E) -6-Ethyl-l , 3 , 7 , 15-tetrakis- 

[ [dimethyl (1, 1-dimethylethyl) silyl] oxy] -4 / 4 , 8 , 12 ^ 16-pentamethyl- 

17- (2-pyridyl) -heptadeca-12 , l6-dien-5-one 

Examp 1 e 2 4 a / 1 

(2S) -2-Methyl-l- ( tetrahydropyran-2-yloxy ) -heptan-6-one 

Analogously to Example Im, 9.0 g (39.1 mmol) of the compound 
that is presented according to Example Iv is reacted, and after 
working-up and purification, 8.05 g (35.3 mmol, 90%) of the title 
compound is isolated as a colorless oil. 



^K-NMR (CDCI3) : 6 = 0.93 (3H), 1,12 (IH), 1.32-1.89 (lOH), 
2.14 (3H), 2.42 (2H), 3.19 (IH), 3.45-3.63 (2H), 3.84 (IH), 4.56 
(IH) ppm. 

Example 2 4b/ I 

(2S,6E/2^9S^ lOE) -9-[ [ (1 , 1-Dimethy lethyl ) dipheny Isilyl ] oxy ] -11- ( 2 - 
pyridyl) -1- ( tetrahydropyran-2-yloxy ) -2,6, lO-trimethyl-undeca- 
6/ lO-diene 

Analogously to Example 7ao or 20b, 1.89 g (8.28 mmol) of the 
compound that is presented according to Example 24a/I is reacted 
with 10.0 g (12.4 mmol) of the compound that is presented 
according to Example 20a with use of n-butyllithium as a base, 
and after working-up and purification, 1.98 g (3.2 mmol, 38%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.81-0.92 (3H), 1.08 (9H) , 1.18-1.92 
(16H), 2.02 (3H) , 2.19-2.42 (2H), 3.02-3.62 (3H), 3.83 (IH), 4.20 
(IH), 4.55 (IH), 5.00 (IH), 6.24 (IH), 6.98-7.10 (2H), 7.22-7.46 
(6H) , 7.57 (IH), 7.62-7.75 (4H), 8.58 (IH) ppm. 

Example 2 4c/ I 

(2S, 6E/Z^ 98, lOE) -11- (2-Pyridyl ) -1- ( tetrahydropyran-2-yloxy) - 
2,6, lO-trimethyl-undeca-6/ lO-dien-9-ol 

Analogously to Example li, 1.98 g (3.2 mmol) of the compound 
that is presented according to Example 24b/ I is reacted, and 
af ter working -up a nd purification, 1.16 g (3.0 mmol, 94%) of the 
title compound is isolated as a colorless oil. 
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^K-NMR {CDCI3) : a - 0.87-1.00 (3H), 1.12 (IH), 1.32-1.95 
(IIH) , 1.67+1.73 (3H), 1.98-2.18 (2H), 2.10 (3H), 2.40 (2H), 
3.08-3.28 (IH) , 3.42-3.65 (2H), 3.84 (IH), 4.19 (IH), 4.55 (IH), 
5.19 (IH) , 6.59 (IH), 7.10 (IH), 7.24 (IH), 7.63 (IH), 8.60 (IH) 
ppm. 

Example 2 4d/I 

(2S, 9S^ lOE) -9-[ [DimethyK 1 ^ 1-dime thy 1 ethyl) silyl]oxy] -11- (2- 
pyridyl) -1- ( tetrahydropyran-2-yloxy) -2 , 6, 10-trimethyl-undeca- 
6, 10-diene 

Analogously to Example In, 1.15 g (2.97 mmol) of the 
compound that is presented according to Example 24c/ I is reacted, 
and after working-up and purification, 1.43 g (2.85 mmol, 96%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.03 (3H), 0.08 (3H), 0.81-0.98 (12H), 
1.11 (IH), 1.28-2.10 (12H), 1.60 + 1,69 (3H), 2.06 (3H), 2.28 (2H) , 
3.07-3.27 (IH), 3.42-3.63 (2H), 3.85 (IH), 4.12 (IH), 4.56 (IH), 
5.18 (IH), 6.48 (IH), 7.08 (IH), 7.22 (IH), 7.62 (IH), 8.60 (IH) 
ppm. 

Example 2 4e/I 

(2S, 6E/Z, 9S, lOE) -9- [ [Dimethy 1( 1 , 1-dimethy lathy 1 ) silyl] oxy] -11- (2- 
pyridyl) -2,6^ lo-trimethyl-undeca-6 , 10-dien-l-ol 

Analogously to Example If, 1.43 g (2.85 mmol) of the 
compound that is presented according to Example 2 4d/I is reacted 
with use of p-toluenesulf onic acid-monohydrate at 23°C, and after 



working-up and purification, 1.11 g (2.66 mmol, 93%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = 0.03 (3H), 0.08 (3H), 0.82-0.96 (12H), 
0.97-1.71 (6H) , 1.59+1.69 (3H), 1.90-2.14 (2H) , 2.04 (3H), 2.30 

(2H) , 3.35-3.56 (2H), 4.13 (IH), 5.13+5.21 (IH), 6.48 (IH), 7.10 

(IH) , 7.25 (IH) , 7.63 (IH), 8.58 (IH) ppm. 

Example 24f/l 

(2S, 6E/Z, 9S, IDE) -9-[ [Dimethyl (1, 1-dimethylethyl) silyl]oxy] -11- (2- 
pyridyl) -2^ 6, lO-trimethyl-undeca-6 , 10-dienal 

Analogously to Example Ik, 1.01 g (2.42 mmol) of the 
compound that is presented according to Example 2 4e/I is reacted, 
and after working-up and purification, 921 mg (2.22 mmol, 92%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 5 = 0.03 (3H), 0.08 (3H), 0.92 (9H) , 
1.05+1.09 (3H), 1.22-1.75 (4H), 1.60+1.68 (3H), 1.95-2.11 (2H) , 
2.07 (3H), 2.23-2.38 (3H), 4.12 (IH), 5.19 (IH), 6.48 (IH), 7.08 
(IH), 7.22 (IH) , 7.63 (IH), 8.60 (IH), 9.57+9.61 (IH) ppm . 



Example 2 4g/I 

(3S, 6R^ 7S, 8S^ 12E/2, 15S^ 16E) -6-Ethy 1-7-hydroxY-l , 3 , 15-tr is- 

[ [dimethyl (1, 1-dimethylethyl) silyl] oxy] -4 , 4 , 8, 12 , 16-pentamethyl- 

17- {2-pyridyl) -heptadeca-12 , l6-dien-5-one (A) and 

(3S, 6S, 7R,8S, 12E/Z/ 15S, 16E) -6-ethyl-7-hydroxy-l , 3 , 15-tris- 

[ [dimethyl (1/ 1-dimethylethyl) silyl]oxy] -4 , 4 , 8 , 12 / 16-pentamethyl- 

17- (2-pyridyl) -heptadeca-12 , 16-dien-5-one (B) 

Analogously to Example lak, 1.0 g (2.41 mmol) of the 
compound that is presented according to Example 24f /I is reacted 

_ with 1.16 g (2.78 mmol) of the compound that is presented 

m according to Example Im, and after working-up and purification, 

972 mg (1.17 mmol, 48%) of title compound A and 178 mg (0.21 

fy mmol, 9%) of title compound B are isolated in each case as a 

fu colorless oil. 

g ^H-NMR (CDCI3) of A: <S = 0.00-0.14 (18H), 0.80-0.95 (33H), 

i 1.00-1.81 (9H) , 1.11 {3H) , 1.17 (3H), 1.60+1.68 (3H), 1.90-2.11 

^ (2H) , 2.04 (3H) , 2.29 (2H), 3.03 (IH), 3.18 (IH), 3.32 (IH), 

3 3.54-3.77 (2H) , 3.99 (IH), 4.12 (IH), 5.18 (IH), 6.48 (IH), 7.09 

(IH), 7.23 (IH), 7.62 (IH), 8.60 (IH) ppm . 

^H-NMR (CDCI3) of B: <S = -0.02-0.14 (18H), 0.83-1.01 (33H) , 
1.02-1.80 (9H) , 1.10 (3H) , 1.16 (3H), 1.62+1.70 (3H), 1.92-2.10 
(2H) , 2.06 (3H) , 2.30 (2H), 3.02 (IH), 3.15 (IH), 3.42 (IH), 
3.53-3.74 (2H) , 4.02 (IH), 4.12 (IH), 5.19 (IH), 6.49 (IH), 7.09 
(IH) , 7.23 (IH) , 7.63 (IH), 8.60 (IH) ppm. 



Example 24h/X 

(3S,6R,7S^8S^ 12E/Z,15S, 16E) -6-Ethyl-l , 3 , 7 , IS-tetrakis- 

[ [dimethyl (1, 1-dimethylethyl) silyl]oxy]-4, 4,8^ 12 , 16-pentamethyl- 

17- (2-pyridyl) -heptadeca-12 / 16-dien-5-one 

Analogously to Example laq, 972 mg (1.17 mmol) of compound A 
that is presented according to Example 24g/I is reacted, and 
after working-up and purification, 1.02 g (1.08 mmol, 92%) of the 
title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.00-0.12 (24H), 0.78-0.97 (42H), 1.00- 
1.80 (9H) , 1.03 (3H) , 0.21 (3H), 1.60+1.68 (3H), 1.90-2.10 (2H), 
2.05 (3H), 2.28 (2H), 3.02 (IH), 3,52-3.73 (2H), 3.82 (IH), 3.91 
(IH), 4.11 (IH) , 5.19 (IH), 6.49 (IH), 7.08 (IH), 7.22 (IH), 7.61 
(IH) , 8. 60 (IH) ppm. 

Example 2 4h, Variant II 

(3S, 6R,7S,8S, 12E/Z, IBS, 16E) -6-Ethy 1-1 , 3 , 7 ^ 15-tetrakis- 

[ [dimethyl (1, 1-dimethylethyl) silyl]oxy] -4,4/8,12, 16-pentamethyl- 

17- (2-pyridyl) -heptadeca-12 , 16-dien-5-one 

Example 2 4a/ II 

(4S (4R,5S, 68, lOE/Z, 13S, 14E) ) -4- (13-[ [ (1, 1- 

Dimethylethyl) diphenylsilyl] oxy] -4-ethyl-15- (2-pyridyl) -3-oxo-5- 
(tetrahydropyran-2-yloxy) -2,6, 10, l4-tetramethyl-pentadeca-l0, 14- 
dien-2-yl) -2,2-dimethyl-[l, 3]dioxane 

Analogously to Example lao or 2 0b, 7 24 mg (1.59 mmol) of the 
compound that is presented according to Example Ian is reacted 
with 1.93 g (2.40 mmol) of the compound that is presented 



according to Example 20a with use of n-butyllithium as a base, 
and after working-up and purification, 478 mg (0,56 mmol, 35%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.72-1.96 (48H) , 2.01 (3H), 2.16-2.41 
(2H), 3.03+3.13 (IH), 3.41 (IH), 3.59-4.04 (3H), 4.12-4.32 (2H), 
4.43+4.52 (IH) , 5.01 (IH), 6.23 (IH), 6.97-7.10 (2H), 7.21-7.46 
(6H) , 7.58 (IH) , 7.62-7.74 (4H) , 8.57 (IH) ppm. 

Example 2 4b/ II 

(4S (4R, 5S, 6S^ lOE/Z, 13S, 14E) ) -4- ( 4-Ethy l-lS-hydroxy-lS- ( 2 - 
pyridyl) -3-oxo-5- ( tetrahydropyran-2-yloxy ) -2 , 6, 10, 14-tetramethyl- 
pentadeca-lO, 14-dien-2-yl) -2 , 2 -dimethyl- [1, 3] dioxane 

Analogously to Example li, 660 mg (0.77 mmol) of the 
compound that is presented according to Example 2 4a/ II is 
reacted, and after working-up and purification, 475 mg (0.77 
mmol, 100%) of the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : <S = 0.72-2.12 (39H), 2.09 (3H), 2,39 (2H) , 
3.07+3.17 (IH) , 3.42 (IH), 3.62-4.32 (6H), 4.43+4.54 (IH), 5.20 
(1H),-6.61 (IH), 7.10 (IH), 7.25 (IH), 7,63 (IH), 8,60 (IH) ppm. 

Examp 1 e 2 4 c / 1 1 

(3S,6R,7S,8S, 12E/Z, 15S,16E) -6-Ethy 1-1 , 3 , 7 , 15-tetrahydroxy- 

4 , 4 , 8, 12 , 16-pentamethyl-17- (2 -pyridyl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example If, 472 mg (0.77 mmol) of the 
compound that is presented according to Example 24b/II is reacted 
with use of p-toluenesulf onic acid-monohydrate at 2 3°C, and after 



working-up and purification, 348 mg (0.71 mmol, 92%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : S = 0.75-0,92 (6H), 1.07 (3H), 1.11-2.47 
(13H), 1.26 (3H), 1.63 (3H), 1.72 (3H), 2.04+2.05 (3H), 2.96 
(IH), 3.18 (IH) , 3.41+3.48 (IH), 3.86 (2H), 4.04-4.23 (2H), 
5.18+5.23 (IH), 6.57 (IH), 7.12 (IH), 7.29 (IH), 7.67 (IH), 8.59 
(IH) ppm. 



Example 24h/II 

^ (3S, 6R, 7S^8S^ 12E/Z, 15S, I6E) -6-Ethy 1-1 , 3 , 7 ^ 15-tetrakis- 

m [ [dimethyl (1/ l-dimethylethyl) silyl] oxy ] -4 / 4, 8 , 12 , 16-pentamethyl- 

m 17- (2-pyridyl) -heptadeca-12 , 16-dien-5-one 

TU Analogously to Example laq, 343 mg (0.70 mmol) of the 

ry compound that is presented according to Example 24c/ II is 

Q reacted, and after working-up and purification, 497 mg (0.52 

I n 

™ mmol, 75%) of the title compound is isolated as a colorless oil. 

j== 1 ... 

^ 'H-NMR (CDCI3) : coverage is identical to that described 

I — 3 

under Example 2 4h/I. 



Example 2 4i 

(3S,6R^7S,8S, 12E/Z, 15S, 16E) -6-Ethyl-3 , 7, 15-tris- [ [dimethyK 1, 1- 
dimethylethyl) silyl] -oxy] -4 ^ 4 , 8 , 12 , 16-pentamethyl-l-hydroxy-17- 
(2-pyridyl) -heptadeca-12 , l6-dien-5-one 

Analogously to Example lar, 1.71 g (1.81 mmol) of the 
compound that is presented according to Example 24h/I or Example 
24h/II is reacted, and after working-up and purification, 1.38 g 



(1.66 mmol^ 97%) of the title compound is isolated as a colorless 
oil . 

^H-NMR (CDCI3) : 6 = 0.00-0.15 (18H), 0.80-0.98 (33H), 1.02- 
2.10 (IIH), 1.09 (3H), 1.21 (3H), 1.59+1.68 (3H), 2.05 (3H), 2.29 
(2H) , 3.01 (IH) , 3.69 (2H) , 3.84 (IH), 4.02-4.19 (3H), 5.18 (IH), 
6.48 (IH), 7.09 (IH), 7.22 (IH), 7.62 (IH), 8.59 (IH) ppm. 

Example 2 4k 

(3S, 6R,7S, as, 12E/Z, 15S, 16E) -6-Ethyl-3 ^ 7, 15-tris-[ [ dimethyl ( 1, 1- 
dimethlethyl) silyl] oxy] -4 , 4 , 8 ^ 12 , l6-pentametliyl-17- (2-pyridyl) -5- 
oxo-heptadeca-12 , 16-dienal 

Analogously to Example Ik, 1.38 g (1.66 mmol) of the 
compound that is presented according to Example 24 i is reacted, 
and after working-up and purification, 1.34 g (1.61 mmol, 97%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.01-0.13 (18H), 0.78-0.97 (35H) , 1.09 
3H) , 1.13-1,79 (5H) , 1.21 (3H), 1.60+1.68 (3H), 1.91-2.10 (2H) , 
2.05 (3H), 2.28 {2H), 2.40 (IH), 2.57 (IH), 3.02 (IH), 3.82 (IH), 
4.12 (IH), 4,48 (IH), 5.18 (IH), 6.48 (IH), 7.08 (IH), 7.22 (IH), 
7.62 (IH), 8.60 (IH), 9.79 (IH) ppm. 



Exampl 2 41 

(3S, 6R,7S,8S, 12E, 15S, 16E) -6-Ethy 1-3 , 7 , 15-tr is- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -4, 4, 8, 12, 16-pentamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-12 , 16-dienoic acid (A) and 

(38, 6R,7S, as, 12Z, 153, 16E) -6-ethyl-3 , 7 , 15-tris- [ [dimethyl ( 1, 1- 
dimethylethyl) silyl] oxy] -4 , 4 , 8 , 12 , 16-pentamethyl-17- (2-pyridyl) - 
5-oxo-heptadeca-12 , 16-dienoic acid (B) 

Analogously to Example lat, 1,34 g (1.61 mmol) of the 
compound that is presented according to Example 24k is reacted, 
and after working-up and purification, 433 mg (0.51 mmol, 32%) of 
title compound A and 662 mg (0.78 mmol, 49%) of title compound B 
are isolated in each case as a colorless oil. 

^H-NMR (CDCI3) of A: 6 = 0,00-0.16 (18H), 0.78-0.93 (35H), 
0.98-1.71 (6H), 1.12 (3H), 1.21 (3H), 1.56 (3H), 1.80-2.07 (2H), 
1.93 (3H) , 2.23-2.41 (3H), 2.67 (IH), 3.05 (IH), 3.86 (IH), 4.12 
(IH), 4.33 (IH), 5.11 (IH), 6.48 (IH), 7.24 (IH), 7.33 (IH), 7.69 
(IH), 8.61 (IH) ppm. 

^H-NMR (CDCI3) of B: 6 = -0.01-0.17 (18H), 0.81-0.96 (35H), 
1.00-1.78 (6H), 1.15 (3H) , 1.21 (3H), 1.70 (3H), 1.89 (IH), 1.96 
(3H) , 2.11-2.42 (4H) , 2.59 (IH), 3.00 (IH), 3.82 (IH), 4.17 (IH), 
4.41. (IH), 5.24 (IH), 6.63 (IH), 7.19 (IH), 7.33 (IH), 7.71 (IH), 
8.64 (IH) ppm. 



Example 2 4m 

(3S,6R,7S,8S, 12Z^ 15S, 16E) -3 , 7-Bis- [ [dimethyl ( 1 / 1- 
dimethylethyl) silyl] oxy ] -6-ethyl-4 , 4 , 8 , 12 , l6-pentamethyl-15- 
hydroxy-17- (2-pyridyl) -5-oxo-heptadeca-l2 , 16-dienoic acid 

Analogously to Example li, 662 mg (0.78 mmol) of compound B 
that is presented according to Example 241 is reacted at 23°C, 
and after working-up, 680 mg of the title compound is isolated as 
a crude product, which is further reacted without purification. 

Example 2 4n 

(4S,7R, 8S, 9S, 13 (Z) , 16S (E) ) -4,8-Bis-[ [dimethyl (1, 1- 

dimethyl ethyl) silyl] oxy] -16- (l-methyl-2- (2-pyridyl) ethenyl) -7- 

ethyl-l-oxa-5 ,S ,9 , 13-tetramethyl-cyclohexadec-13-ene-2 , 6-dion 

Analogously to Example law, 680 mg (max* 0.78 mmol) of the 
compound that is presented according to Example 2 4m is reacted, 
and after working-up and purification, 287 mg (402 /Ltmol, 52%) of 
the title compound is isolated as a colorless oil- 

^H-NMR (CDCI3) : <S = -0.11 (3H), 0.03-0.15 (9H) , 0.72 (3H), 
0.80-1.78 (23H) , 0.83 (3H), 0.92 (3H), 0.98 (3H), 1.11 (3H), 1.18 
(3H) , 1.68 (3H) , 1.85 (IH), 2.09 (IH), 2,12 (3H), 2.46 (IH), 
2.55-2.82 (3H) , 3.05 (IH), 4.01 (IH), 4.03 (IH), 4.99 (IH), 5.16 
(IH), 6.54 (IH) , 7.08 (IH), 7.23 (IH), 7.61 (IH), 8.58 (IH) ppm. 




Example 2 4 

(4S,7R,8S,9S, 13 (Z) , 16S (E) ) -4 , 8-Dihydroxy-7 -ethy 1-16- ( l-methyl-2 - 
(2-pyridyl) ethenyl) -l-oxa-5^ 5,9^ l3-tetraiaethyl-cyclohexadec-13- 
ene-2, 6-dione 

Analogously to Example 1, 282 mg (395 /xinol) of the compound 
that is presented according to Example 24n is reacted, and after 
working-up and purification, 115 mg (237 jLtmol, 60%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.89 (3H), 1.04 (3H), 1.09 (3H), 1.22- 
2.11 (8H), 1.36 (3H), 1.70 (3H), 2.07 (3H), 2.20-2.39 (3H), 2.49 
S (IH), 2.65 (IH), 2.69 (IH), 3.23 (IH), 3.70 (IH), 4.35 (IH), 4.59 

5 (IH), 5.12 (IH), 5.19 (IH), 6.61 (IH), 7.13 (IH), 7.29 (IH), 7.69 

m 

Sj (IH) , 8.53 (IH) ppm. 



Example 2 5 

(IS, 38 (E) ,78, ICR, lis, 12s, 16R) -7 , ll-Dihydroxy-lD-ethyl-S- (1- 
methyl-2- (2-pvridyl) ethenyl) -8 , 8 , 12 , l6-tetramethyl-4 , 17- 
dioxabicyclo [14,1, 0 1 heptadecane-5 , 9-dione (A) and 
(1R,3S (E) ,78, ICR, 118 , 12 8 , 168 ) -7 , ll-dihvdroxv-lO-ethvl-3- ( 1- 
methvl-2- (2-pvridyl) ethenyl) -8 , 8 , 12 , 16-tetramethvl-4 , 17- 
dioxabicyclof 14,1, OTheptadecane-5 , 9-dione (B) and 

(4S,7R,8S,9S, 13 (2) , 168 (E) ) -4 , 8-dihvdroxv-9-ethvl-16- ( l-methyl-2- 
(2-N-oxvpvridvl) ethenyl) -l-oxa-5 ,5,7, l3-tetramethyl-cyclohexadec 
13-ene-2 , 6-dione (C) and 

(18, 38 (E) , 78, ICR, 118, 12 8, 16R) -7 , ll-dihvdroxv-lO-ethvl-3- ( 1- 
methyl-2- (2-N-oxypyridvl) ethenyl) -8 , 8 , 12 , l6-tetramethyl-4 , 17- 
dioxabicyclo [ 14 , 1 , 0 ] heptadecane-5 , 9-dione (D) and 
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{ 1R,3S (E) .7S. lOR, lis, 16S) -7 , ll-dihvdroXY-lO-ethYl-3- ( 1- 
methvl-2- (2°N-oxYPYridvl) ethenyl) -8, 8, 12 , 16-tetrainethvl-4 , 17- 
dioxabicYclor^^ * ^* Olheptadecane-S , 9-dione (E) 

Analogously to Example 14, 50 mg (103 /xmol) of the compound 
that is presented according to Example 24 is reacted, and after 
working-up and purification, 15.3 mg (30 )Ltmol, 30%) of title 
compound A, 2 mg (4 ^mol , 4%) of title compound B, 2 mg (4 /xmol, 
4%) of title compound C, 21 mg (42 /imol, 41%) of title compound D 
and 3.3 mg (7 /xmol, 6%) of title compound E are isolated in each 
case as a colorless solid. 

^H-NMR (CDCI3) of A: 5 = 0.87 (3H), 0.99 (3H), 1.06 (3H), 
1.21-2.03 (lOH), 1.30 (3H) , 1.39 (3H), 2.03 (3H) , 2.15 (IH), 2.37 
(IH) , 2.56 (IH), 2.81 (IH), 2,83 (IH), 3.32 (IH), 3.66 ( IH) , 4.36 
(IH), 5.24 (IH), 5.45 (IH), 6.61 (IH), 7.16 (IH), 7.29 (IH), 7.70 
(IH) , 8 . 53 (IH) ppm. 

^H-NMR (CDCI3) of B: 6 = 0.85 (3H), 0.95 {3H), 1.04 (3H) , 
1.20-1.93 (lOH), 1.30 (3H) , 1.38 (3H), 2.08 (IH), 2.11 (3H), 
2.42-2.61 (2H) , 2.95 (IH), 2.98 (IH), 3.22 (IH), 3.63 (IH), 3.93 
(IH) , 4.33 (IH), 5.59 (IH), 6.66 (IH), 7.13 (IH), 7.28 (IH), 7.67 
(IH) , 8. 58 (IH) ppm. 

^H-NMR (CDCI3) of C: 6 = 0.80-1.92 (8H) , 0.92 (3H), 1.03 
(3H), 1.08 (3H) , 1.44 (3H), 1.70 (3H), 2.08-2.64 (5H), 2.12 (3H), 
2.82 (IH) , 3.29 (IH), 3.67 (IH), 4.53 (IH), 5.09 (IH), 5.17 (IH), 
6.19 (IH) , 6,99 (IH) , 7.19 (IH), 7.35 (IH), 7.44 (IH), 8.29 (IH) 
ppm. 

^H-NMR {CDCI3) of D: <S = 0.87 (3H), 1.00 (3H), 1.04 (^hT, 
1.09-2.03 (lOH) , 1.29 (3H), 1.42 (3H), 2,10 (3H), 2.18-2.32 (2H), 



2,53 (IH), 2.67-2,82 (2H), 3.31 (IH), 3,62 (IH), 4,52 (IH), 5*41 
(IH), 6.16 (IH), 6,93 (IH), 7.21 (IH), 7,37 (IH), 7,42 (IH), 8.28 
(IH) ppm. 

^H-NMR {CDCI3) of E: <5 = 0.83 (3H), 0.94 (3H), 1.08 (3H), 
1.20-2.08 (IIH) , 1.29 (3H), 1.45 (3H), 2.12 (3H), 2.39-2.56 (2H), 
2.87 (IH), 3,24 (IH), 3.29 (IH), 3.87 (IH), 4.52 (IH), 5.41 (IH), 
5.56 (IH), 7.03 (IH) , 7.19 (IH), 7.34 (IH), 7.46 (IH), 8.29 (IH) 
ppm. 

Example 2 6 

(4S^7R,8S,9S^ 13 (E) > 16S (E) ) -4 , 8-DihYdroxY-7-ethYl-16- ( l-methvl-2 - 
(2-pYridYl) ethenyl) -l-oxa-S, 5,7, IS-tetramethyl-cyclohexadec-ia- 
ene-2 , 6-dione 

Example 2 6a 

(3S, 6R,7S, as, 12E^ 15S, 16E) -3,7-Bis-[ [dimethyl (1 , 1- 
dimethylethyl) silyl]oxy] -6-ethyl-4 ^ 4 , 8, 12 , l6-pentamethyl-l5- 
hYdroxy-17- (2-pyridyl) -5-oxo-heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 433 mg (0.51 mmol) of compound A 
that is presented according to Example 241 is reacted, and after 
working-up, 447 mg of the title compound is isolated as a crude 
product, which is further reacted without purification. 



Example 2 6b 

(4S,7R,8S, 98^13 (E) ^16S(E) )-4,8-Bis-[ [ dimethyl ( 1 ^ 1- 
dimethylethyl) silyl]oxy] -7-ethyl"l6- (l-methyl-2- (2- 
pyridyl) ethenyl) -l-oxa-5, 5, 9 , 13-tetramethyl-cyclohexadec-l3-ene- 
2 / 6-dione 

Analogously to Example law, 447 mg (511 jitmol) of the 
compound that is presented according to Example 26a is reacted, 
and after working-up and purification, 264 mg (370 ^tmol, 72%) of 
the title compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.06-0,15 (12H), 0.85 (3H), 0.89 (9H) , 
0.91 (9H) , 0.94 (3H), 1.08-1.92 (IIH), 1.12 (3H), 1.21 (3H), 
2.10-2.23 (IH), 2.16 (3H), 2.40 (IH), 2.46-2.68 (3H), 2.98 (IH), 
3.95 (IH), 4.41 (IH), 5.23 (IH), 5.30 (IH), 6.57 (IH), 7.10 (IH) 
7,21 (IH), 7.63 (IH), 8.60 (IH) ppm . 

Example 2 6 

(48, 7R, as, 98, 13 (E) / 168(E) ) -4 , 8-Dihydroxy-7 -ethy 1-16- ( l-methyl-2- 
( 2 -pyr idyl) ethenyl) -l-oxa-5, 5, 9 , 13-tetramethyl-cyclohexadec-13- 
ene-2 , 6-dione 

Analogously to Example 1, 2 60 mg (3 64 /xmol) of the compound 
that is presented according to Example 2 6b is reacted, and after 
working-up and purification, 121 mg (249 )umol, 68%) of the title 
compound is isolated as a colorless oil. 

^H-NMR (CDCI3) : 6 = 0.83 (3H), 0.90 (IH), 0.98 (3H), 1.01 
(3H), 1.31 (3H), 1.37-2.00 (7H) , 1.61 (3H), 2.08 (3H), 2.18 (IH) 
2.37-2.52 (3H) , 2.60 (IH), 3.35 ( IH) , 3.70 (IH), 3.83-4,32 (2H), 
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4.45 (IH), 5.08 (IH), 5.39 (IH), 6.58 (IH), 7.13 (IH), 7.35 (IH), 
7.68 (IH), 8.53 (IH) ppm . 

Example 2 7 

(1R,3S (E) ^7S^ lOR^ IIS^ 12S^ 16R) -1 , ll-DihYdroxY-lO-ethvl-3 - (1- 
methYl"2- (2-pYridYl) ethenyl) -8 # 8^ 12 ^ l6-tetrainethyl-4 » 17- 
dioxabicYclo f 14 > 1 . 0 1 heptadecane-5 ^ 9*dione (A) and 

(IS^as (E) ,7S, lOR, IIS^ 12S^ 16S) -7 , ll-dihYdroxY"10-ethvl-3- ( 1- 
methYl-2- (2-pYridvl) ethenyl) -8 , 8 , 12 , l6-tetramethyl-4 , 17- 
dioxabicYclo|'14 , 1. Olheptadecane-5^ 9-dione (B) 

(IR^ 3S (E) , 7S, lOR, lis, 12S, 16R) -7 . ll-dihvdroxY"10-ethYl-3- ( 1- 
methvl-2- (2-N-oxidopvridvl) ethenyl) -8 , 8 , 12 , 16-tetramethvl-4 » 17~ 
dioxabicYClori4 , 1. 01 heptadecane-5 , 9-dione (C) and 
(1S,3S (E) ,7S, lOR, lis, 12S, 16S) -7, ll-dihydroxy-lO-ethYl-3- (1- 
methyl-2* (2-N-oxidopYridYl> ethenyl) -8, 8, 12 , 16-pentamethyl"4 , 17- 
dioxabicYclo|'14 ■ 1> 01 heptadecane-S , 9-dione (D) 

Analogously to Example 14, 59 mg (121 /Ltmol) of the compound 
that is presented according to Example 2 6 is reacted, and after 
working-up and purification, 5 mg (10 jumol, 8%) of title compound 
A or B, 2 mg (4 /xmol, 3%) of title compound B or A, 14 mg (27 
/xmol, 22%) of title compound C or D and 6.9 mg (13 /imol, 11%) of 
title compound D or C are isolated in each case as a colorless 
solid. 

^H-NMR (CDCI3) of A or B: S ^ 0.83 (3H), 0.92 (3H), 1.02 
(3H) , 1. 09-2 . 19 (12H), 1.27 (3H), 1.37 (3H), 2.11 (3H) , 2.43-2.61 
(2H), 2.88 (IH), 3.31 (IH), 3.78 ( IH) , 4.26 ( IH) , 4 3 3 ^ 1 Wy ,^ 5 74^ 
(IH), 6.64 (IH), 7.12 (IH), 7.30 (IH), 7.67 (IH), 8.57 (IH) ppm. 
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^H-NMR (CDCI3) of B or A: 6 = 0.86 (3H), 0.93 (3H), 1.09 
(3H) , 1.19-2.19 (IIH) , 1,27 (3H), 1.38 (3H), 2.10 (3H), 2.50-2.63 
(2H) , 2.87 (IH) , 2.98 (IH), 3.28 (IH), 3.71 (IH), 3.88 (IH), 4.31 
(IH) , 5.48 (IH), 6.62 (IH), 7.13 (IH), 7.28 (IH), 7.67 (IH), 8.85 
(IH) ppm. 

^H-NMR (CDCI3) of C or D: <S = 0.84 (3H), 0.91 (3H), 1.06 
(3H) , 1.11-2.08 (lOH), 1.26 {3H), 1.38 (3H), 2.02 (3H), 2.19 
(IH), 2.37 (IH), 2.53 (IH), 2.92 (IH), 3.34 (IH), 3.56-3,72 (2H), 
4.53 (IH), 5.05 (IH), 5.60 (IH), 6.99 (IH), 7.21 (IH), 7.33 (IH), 
7.45 (IH), 8.28 (IH) ppm. 

^H-NMR (CDCI3) of D or C: <S = 0.84* (3H), 0.89 (3H), 1.07 
(3H) , 1.15-2.23 (IIH), 1.22 {3H), 1.43 (3H), 2.09 (3H) , 2.36 
(IH), 2,53 (IH), 2,97 ( IH) , 3.02 (IH), 3,32 (IH), 3.58 (IH), 4.58 
(IH) , 5,44 (IH) , 5.58 (IH), 7.06 (IH), 7.21 (IH), 7.36 (IH), 7.44 
(IH) , 8. 29 (IH) ppm. 

Example 28 

(4S, 7R^8S,9S, 13 (Z) , 16S <E) ) -4 , 8-Dihydroxy-16- (l-niethyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -l-oxa-7,9/ 13-trimethyl-5 , 5- 
trimethylene-cyclohexadec-13-ene-2 , 6-dione 

Example 2Ba 

1, l-Cyclobutanedimethanol 

170 ml of a 1,2 molar solution of diisobuty laluminum hydride 
is added in drops to a solution of 20 g (99.9 mmol) of 1,1- 
cyclobutanedicarboxylic acid diethyl ester in 200 ml of absolute 
tetrahydrofuran at O^C. It is allowed to stir for one more hour 



at 0**C, and then 3 0 ml of water is added. It is filtered on 
Celite* The filtrate is dried with sodium sulfate and 
concentrated by evaporation in a vacuum. The crude product that 
is obtained (9.9 g, 85.2 mmol, 85%) is used without purification 
in the next step. 

Example 2 8b 

l-[ [ [Dimethyl (1, 1-dimethylethyl) silyl] oxy]methyl] - 
cyclobutanemethanol 

A solution of 9.9 g (85 mmol) of the compound, presented 
according to Example 28a, in 100 ml of absolute tetrahydrof uran 
is added to a suspension of 3.4 g of sodium hydride (60% in oil) 
in 35 ml of absolute tetrahydrof uran at 0°C. It is allowed to 
stir for 30 more minutes, and then a solution of 12.8 g of tert- 
butyldimethylsilyl chloride in 50 ml of tetrahydrof uran is added 
It is allowed to stir for one more hour at 25°C, and then the 
reaction mixture is poured onto saturated aqueous sodium 
bicarbonate solution. It is extracted with ethyl acetate. The 
organic phase is washed with saturated sodium chloride solution 
and dried on sodium sulfate. After the solvent is drawn off in 
vacuum, the crude product that is obtained is purified by column 
chromatography on silica gel with a mixture of hexane/ethyl 
acetate. 13.5 g (58.6 mmol, 69%) of the title compound is 
obtained. 

^H-NMR (CDCI3) : 6 = 0.04 (6H), 0.90 (9H) , 1.70-2.00 (6H), 
3,70 (4H) ppm 
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Example 2 8c 

l-[ [ [Dimethyl (1, l-dimethylethyl) silyl]oxy]methyl] - 
cyclobutanecarbaldehyde 

Analogously to Example Ik, after purification, 7.7 g (33.7 
mmol, 58%) of the title compound is obtained from 13.5 g (58.6 
mmol) of the compound that is described under 28b. 

^H-NMR (CDCI3) : S = 9.70 s ((IH), 3.83 s (2H), 2.20-2.30 m 
(2H), 1.85-2.00 m (4H) , 0.90 s (9H) , 0.03 s (6H) ppm. 

Example 2 8d 

[ IR- [ la (R*) 2U] ] -2-Phenylcyclohexyl 3- [ 1- [ [ [dimethyl (1,1- 
dimethy lethy 1 ) s i ly 1 ] oxy ] methyl ] cyclobuty 1 ] -3 -hydroxypropanoate 
(A) and 

[ IR- [ la (S*) , 2B] ] -2-phenylcyclohexyl 3- [ 1- [ [ [dimethyl (1/1- 

d imethy lethy 1 ) s i ly 1 ] oxy ] methyl ] cy c lobuty 1 ] - 3 -hydroxypropanoat 

(B) 

Lithium diisopropy lamide in absolute tetrahydrof uran is 
•produced from 7.2 ml of diisopropy lamine and butyllithium (32 ml 
of a 1.6 molar solution in hexane) . Then, a solution of 11.2 g 
(IR-trans) -2-phenylcyclohexyl acetate in 100 ml of absolute 
tetrahydrof uran is added at -78°C, and it is allowed to stir for 
30 more minutes at this temperature. Then, a solution of 7.7 g 
(33.7 mmol) of the compound, presented according to Example 28c, 
in 50 ml of tetrahydrof uran is added. It is allowed to stir for 
1.5 more hours at -78°C, and then the reaction mixture is poured 
onto saturated aqueous ammonium chloride solution. It is 
extracted with ethyl acetate, the organic phase is washed with 



saturated sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. After column 
chromatography of the crude product on silica gel with a mixture 
of hexane/ethyl acetate, 6.34 g (14»2 mmol, 42%) of title 
compound A and 4.22 g (9.4 mmol, 28%) of title compound B are 
obtained. 

^H-NMR (CDCI3) of A: 6 = 0.04 (6H), 0.98 (9H) , 2.69 (IH), 
3.08 (IH), 3.60 (IH), 3.67 (IH), 3,78-3.84 (IH), 4.97 (IH), 7.15- 
7.30 (5H) ppm. 

^H-NMR (CDCI3) of B: 6 = 0.03 (6H), 0.90 (9H) , 2.68 (IH), 
2.80 (IH) , 3.56 (2H) , 3.68-3,72 (IH), 4.99 (IH), 7.18-7.30 m (5H) 
ppm. 

Example 2 Be 

(S) -!-[!-[ [ [Dimethyl (1, 1-dimethylethyl) silyl] oxy]methyl] - 
cyclobutyl] -1, 3-propanediol 

4 ml of a 1.2 molar solution of diisobutylaluminum hydride 
in toluene is added in drops to a solution of 1 g (2.24 mmol) of 
compound A, presented according to Example 28d, in 10 ml of 
absolute toluene at 0°C. It is allowed to stir for 1.5 more 
hours at. 0°C, and then 5 ml of water is added. It is filtered on 
Celite. The filtrate is dried on sodium sulfate and concentrated 
by evaporation in a vacuum. After column chromatography of the 
crude product on silica gel with a mixture of hexane/ethyl 
acetate, 370 mg (1.35 mmol, 60%) of the title compound is 



^H-NMR (CDCI3) : 6 = 0.05 (6H), 0,90 (9H), 1.55-1.60 (2H), 
1.80 (2H) , 1.90 (3H) , 2.10 (IH), 3.75 (IH), 3.85-3.95 (4H) ppm. 

Example 2 8f 

(S) -2,2-Dimethyl-4-[l-[ [ [dimethyl ( 1, 1- 

dimethylethyl) silyl] oxy] methyl ] cyclobutyl ] -1^ 3 -dioxane 

Analogously to Example Ih, after purification, 338 mg (1.07 
mmol, 79%) of the title compound is obtained from 370 mg (1.35 
mmol) of the compound that is described under 28e. 

^H-NMR (CDCI3) : 6 = 0.03 (6H), 0.88 (9H) , 1.38 (3H), 1.42 
(3H) , 1.50-1.80 (4H) , 2.00 (IH), 3.52 (IH), 3.62 (IH), 3.85-4.00 
(3H) ppm. 

Example 2 8g 

(S) -1- (2 / 2-Dimethyl-l^ 3-dioxan-4-yl) cyclobutanemethanol 

Analogously to li, 1.27 g (4.04 mmol) of the compound that 
is produced according to Example 28f is reacted with 6 ml of a 1 
molar solution of tetrabutylammonium chloride in tetrahydrof uran 
After column chromatography, 794 mg (98%) of the title compound 
is obtained. 

^H-NMR (CDCI3) : 6 = 1.38 {3H) , 1.46 (3H) , 1.55-1.67 (2H), 
1.75-2.05 (6H) , 2.97 (IH), 3.62 (IH), 3.84-4.10 (4H) ppm. 

Example 28h 

<S) -1- (2,2-Dimethyl-l/ 3-dioxan-4-yl) cyclobutanecarbaldehyde 

Analogously^ to Examp mg (3.97 mmol) of 28g is 

reacted, and 786 mg (100%) of the title compound is isolated as 



crude product, which is used without purification in the next 
step. 

Example 28 i 

(S) -1- (2 / 2-Dimethyl-l/ 3-dioxan-4-yl) -a-ethylcyclobutanemethanol 

Analogously to Example 11, 786 mg (3.97 mmol) of the 
compound that is described under 28h is reacted with a 2 molar 
solution of ethylmagnesium chloride in tetrahydrof uran . After 
purification, 835 mg (95%) of the title compound is obtained. 

^H-NMR (CDCI3) : S = 1.05 (3H), 1.38 (3H), 1.49 (3H) , 1.60- 
2.10 (8H) , 2.60 (IH), 2.83 (IH), 3.50 (IH), 3.85-4.15 (3H) ppm. 

Example 28k 

(S) -1- [ 1- (2 , 2-Dimethyl^l/ 3-dioxan-4-yl) cyclobutyl]propan-l-on 

Analogously to Example Im, after purification, 689 mg (83%) 
of the title compound is obtained from 835 mg (3.67 mmol) of the 
compound that is described under 28i. 

^H-NMR (CDCI3) : S = 1.03 (3H), 1.35 (IH), 1.36 (3H), 1.45 
(3H), 1.55 (IH), 1.65-1.90 (2H), 2.02 (IH), 2.14-2.30 (2H), 2.33 
(IH) , 2.45-2.60 (2H) , 3.80-4.00 (2H), 4.10 (IH) ppm. 

Example 281 

(S) (1, 3-Dihydroxypropyl) cyclobutyl]propan-l-one 

680 mg (3 mmol) of the compound that is described under 28k 
is dissolved in 30 ml of tetrahydrof uran . 1 ml of water and 30 
mg of p-toluenesulf onic acid are added, and it is allowed to stir 
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for 30 more minutes at. 50*^C^ After working-up and purification, 
471 mg (84%) of the title compound is obtained. 

^H-NMR (CDCI3) : 6 = 1.05 (3H) , 1.10 (IH), 1.53 (IH), 1.65 
(IH), 1.80-2.00 (3H), 2.15 (IH), 2.40-2.70 (3H), 3.35 (IH), 3.55 
(IH), 3.88 (IH) , 4.10 (IH) ppm . 

Example 2 8m 

(S) -1- (1^ 3-Bis [ [dimethyl (1/1- 

dimethylethyl) silyl]oxy] cyclobutyl) propan-l-one 

Analogously to Example laq, after purification, 709 mg (68%) 
of the title compound is obtained from 470 mg (2.54 mmol) of the 
compound that is described under 281. 

^H-NMR (CDCI3) : 6 = 0.02 (6H), 0.15 (3H), 0.17 (3H), 0.90 
(9H) , 0.94 (9H) , 1.05 (3H), 1.30-1.53 (2H), 1.70-1.85 (2H), 1.98 
(IH), 2.23 (3H) , 2.45-2.53 (2H), 3.54 (2H), 4.11 (IH) ppm. 

Example 2 8n 

(2S,6E/Z/9S/ lOE) -9-[ [ (1^ 1-Dimethy lethyl ) diphenylsily 1 ] oxy ] -11- < 2 - 
methylthiazol-4-yl) -l- ( tetrahydropyran-2-yloxy ) -2,6/ lo-trimethyl- 
undeca-6 , lO-diene 

Analogously to Example 24b/I, after purification, 3.01 g 
(47%) of the title compound is obtained from 2.24 g (9.84 mmol) 
of the compound that is described under 24 a/I, and 12.2 g (14.81 
mmol) of the compound that is described under lai, with use of 
butyllithium as a base. 

""H-TtMR ~(CDCi3)': 6 ~= 0.86 ( 3T0 7 1~ 04''~(9H) , Tr55 + 1 .~6~0~( 3Hj , 
1.30 (2H) , 1.99 (3H) , 2,25 (2H), 2.70 (3H), 1.10-3-20 (IH), 3.45- 
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3.60 (2H) , 3.86 (IH), 4.14 (IH), 4.54 (IH), 4.97 (IH), 6.22 (IH), 
6.78 (IH) , 7.30-7.50 (6H), 7.60-7.70 (4H) ppm . 

Example 28o 

{2S, 6E/2, 9S, lOE) -11- (2 -Methylthiazoly 1-4-yl ) -1- ( tetrahydropyran- 
2-yloxy) -2 , 6, 10-trimethyl-undeca-€/ lO-dien-9-ol 

Analogously to Example li, after purification, 4.53 g (94%) 
of the title compound is obtained from 7.65 g (11.84 mmol) of the 
compound that is described under 28n. 

^H-NMR (CDCI3) : S = 0.91 (3H) , 1.10 (IH), 1.65+1.71 (3H), 
2.04 (3H) , 2.39 (2H) , 2,70 {3H), 3.12+3.21 (IH), 3.50+3.58 (2H), 
3.85 (IH), 4.14 (IH), 4,55 (IH), 5.15 (IH), 6.56 (IH), 6.93 (IH) 
ppm. 

Example 2 Bp 

(2S^ 6E/Z, 9S^ lOE) -9- [ [DimethyK 1 , 1-dimethylethyl) silyl] oxy] -11- (2- 
methylthiazol-4-yl) -1- ( tetrahydropyran-2-yloxy) -2/6/ 10-trimethyl- 
undeca-6/ 10-diene 

Analogously to Example lad, after purification, 5.68 g (98%) 
of the title compound is obtained from 4.53 g of the compound 
that is described under 28o, 

^H-NMR (CDCI3) : 6 = 0.00 (3H), 0.03 (3H), 0,90 (12H), 
1.56+1.64 (3H) , 1.99 (3H), 2,21 (2H), 3.10+3.20 (IH), 3.45-3.60 
(2H) , 3.85 (IH), 4.10 ( IH) , 4.57 (IH), 5.12 (IH), 6.45 (IH), 6.90 
(IH) ppm. 



Example 2 8q 

(2S, 6E/Z, 9S, lOE) -9- [ [Dimethy 1 ( 1 , 1-dimethylethyl) silyl]oxy] -11- (2- 
methylthiazol-4-l) -2,6, lO-triinethyl-undeca-6, 10-dien-l-ol 

Analogously to Example If, after purification, 4,02 g (84%) 
of the title compound is obtained (2 hours of reaction time at 
50°C) from 5.68 g (10.88 mmol) of the compound that is described 
under 2 8p. 

^H-NMR (CDCI3) : 6 = 0,00 (3H), 0.05 (3H) , 0.90 (12H), 
1,60+1.65 (3H) , 2.00 (3H), 2.23 (2H), 2.71 (3H), 3.38-3.55 (2H), 
4.10 (IH) , 5.09+5.14 (IH), 6.45+6.48 (IH), 6.91+6.93 (IH) ppm. 

Example 2 Br 

(2S,6E/Z,9S, lOE) -9- [ [DimethyK 1 , 1-dimethylethyl) silyl]oxy] -11- (2 
methylthiazol-4-yl) -2,6, lO-trimethyl-undeca-6 , 10-dien-l-al 

Analogously to Example Ik, after filtration on silica gel, 
648 mg (98%) of the title compound is obtained from 667 mg (1.5 
mmol) of the compound that is described under 28q. 

^H-NMR (CDCI3) : 6 = 0.01 (3H) , 0.06 (3H), 0.90 (9H) , 
1.06+1.09 (3H) , 1.58+1,66 (3H), 2.00 (3H), 4.10 (IH), 5.13 (IH), 
6,46 (IH) , 6.91+6.93 (IH) ppm. 



Example 28s 

{3S/ 6R,7S/8S/ 12Z, 15S, 16E) -7 -Hydroxy-1 , 3 ^ 15-tris- [ [dim thyl(l^l- 
dimethylethyl) silyl] oxy ] -6,8,12, 16-tetramethyl-4 , 4-trimethylene- 
17- (2-methylthiazol-4-yl) -heptadeca-12 , 16-dien-5-one (A) and 
OS, 6R, 7S,8S,12E, 15S, 16E) -7-hydroxy-l, 3 , 15-tris- [ [dimethyl ( 1, 1- 
dimethylethyl) silyl] oxy ] -6,8,12, 16-tetramethyl-4 , 4-trimethylene- 
17- (2-methylthiazol-4-yl) -heptadeca-12 , 16-dien-5-one (B) 

Analogously to Example lak, after purification, 352 mg (27%) 
of title compound A and 227 mg (17%) of title compound B are 
obtained from 7 09 mg (1.71 mmol) of the compound that is 
described under 28 m and 667 mg (1,52 mmol) of the compound that 
is described under 28r. 

^H-NMR (CDCI3) of compound A: <S = 0.00 (3H) , 0.04 (9H) , 
0.14 (3H) , 0.16 (3H) , 0.80 (3H), 0.88 (18H), 0,91 (9H), 1.03 
(3H) , 1.68 (3H), 2.00 (3H), 2.20-2,40 (3H), 2.72 (3H), 3.25 (IH), 
3.44 (IH) , 3.58 (3H) , 4.10 (2H), 5.13 (IH), 6,42 (IH), 6.93 (IH) 
ppm. 

^H-NMR (CDCI3) of compound B: <S = 0.00 (3H), 0.04 (6H), 
0.08 (3H) , 0.15 (3H), 0.18 (3H), 0.80 (3H), 0.89 (18H), 0.92 
(9H) , 1.05 (3H) , 1.60 (3H), 2.00 (3H), 2.20-2.40 (3H), 2.70 (3H), 
3.25 (IH) , 3.45 (IH), 3.60 (3H), 4.10 (2H), 5.15 ( IH) , 6.45 (IH), 
6.91 (IH) ppm. 



Example 28t 

(3S, 6R, 7S,8S, 12Z, 15S, 16£) -1, 3 , 7 , 15-Tetrakis- [ [dimethy 1 { 1 , 1- 
dimethylethyl) silyl]oxy] -6, 8^ 12 ^ 16-tetramethyl-4 , 4-trimethylen - 
17- (2-methylthiazol-4-yl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example laq, 381 mg (95%) of the title 
compound is obtained from 3 52 mg (0.41 mmol) of compound A that 
is described under 28s, 

^H-NMR (CDCI3) : S = 0.00 (3H) , 0.02 (6H), 0.04 (3H), 0.07 
{3H) , 0.09 (3H), 0.13 (3H), 0.16 (3H), 0.90 (18H), 0.94 (18H), 
0.95 (3H) , 1.09 (3H) , 1.68 (3H), 2.20-2.40 83H) , 2.71 (3H), 3.10 
(IH) , 3.58 (2H) , 3.78 (IH), 4.10 (2H), 5.13 (IH), 6.47 (IH), 6.90 
(IH) ppm. 

Example 2 8u 

(3S^ 6R,7S,8S, 12Z, 15S, 16E) -3 , 7 , 15 -Tr is- [ [ dimethy 1( 1 , 1- 
dimethylethyl) silyl]oxy] -l-hydroxy-6 , 8 , 12 , l6-tetramethyl-4 / 4- 
trimetliylene-17- (2-methylthiazol-4-yl) -heptadeca-12 , 16-dien-5-on 

Analogously to Example lar, 289 mg (86%) of the title 
compound is obtained from 381 mg (0.39 mmol) of the compound that 
is described under 28t- 

^H-NMR (CDCI3) : S = 0.01 (3H), 0.05 (3H), 0.08 (3H), 0,11 
(3H) , 0.16 (3H) , 0.18 (3H), 0.90-1.00 (30H), 1.10 (3H), 1.67 
(3H) , 1.99 (3H) , 2.20-2 .40 (3H), 2.71 (3H), 3.14 (IH), 3.63 (2H) , 
3.82 (IH), 4.09 (2H), 5.12 (IH), 6.46 (IH), 6.92 (IH) ppm. 



Exampl 28v 

(3S, 6R,7S, 8S/ 15S, 16E) -3 , 7 , 15-Tr is- [ [dimethyl ( 1 ^ 1- 

d ime thy 1 ethyl) silyl] oxy] -6 , 8/ 12 ^ l6-tetramethyl-4 , 4-trimethylen - 

17- (2-inethylthiazol-4-yl) -5-oxo-heptadeca-12 / 16-dien-l-al 

Analogously to Example Ik, after filtration on silica gel, 
284 mg (100%) of the title compound is obtained from 285 mg (0.34 
mmol) of the compound that is described under 28u. 

Example 2 8w 

(3S, 6R, 7S,8S^ 12 2, 158, 16E) -3 , 7 , 15-Tr is- [ [dimethyl (1, 1- 
dimethylethyl) silyl] oxy] -6, 8, 12 , 16-tetramethyl-4, 4-trimethylene- 
17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 , 16-dienoic acid 

Analogously to Example lat, after purification, 235 mg (81%) 
of the title compound is obtained from 284 mg (0.34 mmol) of the 
compound that is described under 28v. 

^H-NMR (CDCI3) : <S = 0.00 (3H), 0.02 (3H), 0.04 (3H), 0.09 
(3H) , 0.14 (3H9, 0.19 (3H9, 0.87-0.96 (30H), 1.13 (3H), 1.70 
(3H) , 1.95 (3H) , 2.12-2.30 (3H), 2.70 (3H), 3.00 (IH), 3.80 (IH), 
4.13 (IH) , 4.49 (IH), 5.18 (IH), 6.63 (IH), 6.93 (IH) ppm. 

Example 2 8x 

(3S, 6R,7S, 8S, 12Z, 15S, 16E) -3, 7 -Bis- [ [dimethyl) 1,1- 
dimethylethyl) silyl] oxy] -l5-hydroxy-17- (2-methylthiazol-4-yl) - 
6, 8, 12 , l6-tetramethyl-4 , 4-trimethylen-5-oxo heptadeca-12 /16- 
dienoic acid 

Analogously to Example li, 200 mg (100%) o^ the ^^itle 
compound, which is used without purification in the next step, is 



obtained from 230 mg (0.27 mmol) of the compound that is 
described under 28w, 

^H-NMR (CDCI3) : 6 = 0.05 (3H), 0.10 (6H) , 0.19 (3H), 0.90 
(18H), 0.95 (3H), 1.12 (3H), 1,70 (3H), 2.00 (3H), 2.70 (3H), 
3.00 (IH), 3.84 (IH), 4.15 (IH), 4.49 (IH), 5.15 (IH), 6.67 (IH), 
6.91 (IH) ppm. 

Example 28y 

(4S,7R,8S,9S, 13 (Z) , 16S (E) ) -4 , 8-Bis- [ [dimethyl ( 1, 1- 
dimethylethyl) silyl]oxy]-16- (l-methyl-2- (2-methylthia2ol-4-yl) - 
ethenyl) -l-oxa-7 ,9 , 13-trimethyl-5 , 5-trimethylene-cyclohexadec-l3- 
ene-2 , 6-dione 

Analogously to Example law, after working-up, 101 mg (52%) 
of the title compound is obtained from 200 mg (0.27 mmol) of the 
compound that is described under 2 8x. 

^H-NMR (CDCI3) : 6 = -0.05 (3H), 0.12 (3H), 0.15 (6H), 0.82 
(9H) , 0,98 (9H) , 1.00 {3H), 1.24 (3H), 1.68 (3H), 2,11 (3H), 2.28 
(IH) , 2.47 (IH), 2.60-2.70 (2H), 2.72 (3H), 2.98 (IH), 3,93 (IH), 
4.41 (IH), 5.03 (IH), 5,17 (3H), 6.58 (IH), 6.98 (IH) ppm. 

Example 2 8 

(4S,7R,8S^9S, 13 (Z) , 16S (E) ) -4 , 8-Dihydroxy-16- (l-methyl-2- {2- 
methyl-4 -thiazoly 1) ethenyl) -l-oxa-7, 9, 13-trimethyl-5 , 5- 
trimethylene-cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example 1, 51 mg (73%) of the title compound 
is obtained from 101 mg (0.14 mmol) of the compound that is 
described under 28y. 



^H-NMR (CDCI3) : 6 = 1.01 (3H), 1.28 (3H), 1.67 (3H) , 2.09 
(3H), 2.70 (3H) , 3.01 (IH), 3.73 (IH), 4.46 (IH), 5.14 (IH), 5.19 
(IH), 6.60 (IH), 6.96 (IH) ppm. 

Example 2 9 

(1S,3S (E) , 7S, lOR, IIS^ 12s, 16R) -7 , ll-Dihydroxy-3 - ( 1-methy 1-2 - { 2 - 
methyl-4-thiazolyl) ethenyl) -10, 12 / 16-trimethyl-8 , 8-trimethylene- 
4, 17-dioxabicyclo[ 14 .1. 0]heptadecane-5, 9-dione (A) and 
(IR^ 3S (E) ^ 7S^ lOR^ IIS^ 12S^ 16S) -7^ ll-dihydroxy-3- ( l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -10/ 12, 16-trimethyl-8 , 8-trimethylene- 
A, 17-dioxabicyclo[14 . 1. 0]heptadecane-5/ 9-dione (B) 

Analogously to Example 14, 29 mg (59%) of title compound A 
and 7 mg (14%) of title compound B are obtained after separation 
from 47 mg (0.09 mmol) of the compound that is described under 
28 . 

^H-NMR (CDCI3) of compound A: <S = 1.01 (3H), 1.24 (3H) , 
1.28 (3H) , 2.09 (3H) , 2.72 (3H), 2.78 (IH), 3,05 (IH), 3.72 (IH), 
4.20 (IH), 4.45 (IH), 5.37 (IH), 6.59 (IH), 6.96 (IH) ppm, 

^H-NMR (CDCI3) of compound B: 6 = 0.94 (3H) , 1.20 (3H), 
1.26 (3H), 2.12 (3H), 2,71 (3H), 2.99 (IH), 3,11 (IH), 4.41 (IH), 
4.39 (IH), 5.60 (IH), 6.62 (IH), 6.99 (IH) ppm. 

Example 3 0 

(4S,7R,8S,9S/ 13 (E) /16S (E) ) -4 , 8-Dihydroxy-16- ( l-methyl-2- (2- 
methyl-^-thiazolyl) ethenyl) -l-oxa-7,9/ 13-trimethyl-5/ 5- 
trimethylene-cyclohexadec-13-ene-2 , 6 -d lone 



Exaziple 3 0a 

(3S, 6R, 7S, 8S, 16E) - 1 , 3 ^ 7 , 15-Tetrakis- [[ dimethyl { 1 , 1- 
dimethylethyl) silyl] oxy] -6 ^ 8^ 12 / 16-tetrainethyl-4 , 4-trimethylene- 
17- (2-methylthia2ol-4-yl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example laq, 230 mg (90%) of the title 
compound is obtained from 227 mg (0.27 mmol) of compound B that 
is described under 28s. 

^H-NMR (CDCI3) : 6 = 0.01 (3H), 0.03 (3H), 0.04 (3H), 0.06 
(3H), 0.08 (3H), 0.11 (3H) , 0.15 (3H), 0.17 (3H), 0.87-0.98 
(39H) , 1.06 (3H), 1.57 (3H), 2.00 (3H) , 2.20-2.39 (3H) , 2.70 
{3H), 3.09 (IH), 3.61 (2H) , 3.78 (IH), 4.10 (2H) , 5.14 (3H), 6.45 
(IH), 6.91 (IH) ppm. 

Example 3 0b 

(38, 6R,7S,8S, 12E/ 15S, 16E) -3 , 7 , 15-Tris- [ [ dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -l-hydroxy-6 , 8 , 12 , l6-tetramethyl-4 , 4- 
trimethylene-17- (2-methylthiazol-4-yl) -heptadeca-12 , 16-dien-5-one 

Analogously to Example lar, 170 mg (84%) of the title 
compound is obtained from 2 30 mg (0.24 mmol) of the compound that 
is described under 30a. 

^H-NMR (CDCI3) : S = 0.01 (3H), 0.06 (3H), 0.08 (3H), 0.10 
(3H), 0.17 (3H) , 0.19 (3H), 0.85-1.00 (30H), 1.10 (3H), 1.62 
(3H), 2.15-2.40 (3H), 2.71 (3H), 3.12 (IH), 3.63 {2H), 3.79 (IH), 
4.09 (2H) , 5.13 (IH), 6.42 (IH), 6.90 (IH) ppm. 



Example 3 0c 

(3S, 6R,7S,8S, 12 15S, 16E) -3 , 7 , 15-Tr is- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -6^ 8^ 12 ^ l6-tetramethyl-4/ 4-trimethylen - 
17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 , 16-dien-l-al 

Analogously to Example Ik, after filtration on silica gel, 
170 mg (100%) of the title compound is obtained from 170 mg (0.20 
mmol) of the compound that is described under 3 0b. 

Example 3 0d 

{3S, 6R,7S,8S, 12E/15S^ 16E) -3 , 7 , 15-Tr is- [ [dimethy 1 { 1 , 1- 
dimethylethyl) silyl] oxy] -4, 4, 6, 8, 12, 16-tetramethyl-4 , 4- 
trimethylene-17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 / 16- 
dienoic acid 

Analogously to Example lat, after purification, 144 mg (83%) 
of the title compound is obtained from 170 mg (0.20 mmol) of the 
compound that is described under 3 0c. 

^H-NMR (CDCI3) : S = 0.01 (3H), 0.05 (3H), 0.06 (3H), 0.09 
(3H) , 0.15 (3H) , 0.20 (3H), 0.85-1.00 (30H), 1.12 (3H), 1.55 
{3H) , 1.97 (3H) , 2-71 (3H), 3.09 (IH), 3.82 (IH), 4.10 (IH), 4.41 
(IH), 5.11 (IH), 6.46 (IH), 6.95 (IH) ppm. 
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Example 3 0e 

(35, 6R,75, 8S, 12E, i6E) -3, 7-Bis-[ [dimethyl (1, 1- 
dimethylethyl) silyl] oxy] -15-hydroxy-l7- (2-methylthiazol-4-yl) - 
6, 8 , 12 , 16-tetramethyl-4 , 4-trimethylen-5-oxo heptadeca-12 , 16- 
dienoic acid 

Analogously to Example li, 121 mg (100%) of the title 
compound, which is used without purification in the next step, is 
obtained from 140 mg (0.16 mmol) of the compound that is 
described under 3 0d. 

^H-NMR (CDCI3) : 6 = 0.05 (3H), 0.09 (6H), 0.18 (3H) , 0.85- 
0.95 (18H), 0.98 (3H), 1.11 (3H), 1.61 (3H), 2.00 (3H), 2.69 
(3H) , 3.02 (IH), 3.82 (IH), 4.15 (IH), 4.40 (IH), 5.15 (IH), 6.54 
(IH) , 6.91 (IH) ppm. 

Example 3 Of 

(4S,7R,8S,9S,13 (E) , 16S (E) ) -4 , 8-Bis- [ [dimethyl (1 , 1- 
dimethylethyl) silyl] oxy] -16- ( l-methyl-2- (2-methylthiazol-4- 
yl) ethenyl) -l-oxa-7,9, 13-trimethyl-5 , 5-trimethylene-cyclohexadec- 
13-ene-2 , 6-dione 

Analogously to Example law, after purification, 55 mg (48%) 
of the title compound is obtained from 121 mg (0.16 mmol) of the 
compound that is described under 3 0e. 

^H-NMR (CDCI3) : 6 = 0.01 (3H), 0.09 (3H), 0.15 (6H), 0.92 
(9H), 0.96 (9H), 0.98 (3H), 1.26 (3H), 1.50 (3H), 2.19 (3H), 2.73 
(3H), 2.91 (IH), 4.18 (IH), 4.63 (IH), 5.09 (IH), 5.31 (IH), 6.53 



Example 3 0 

{4S,7R,8S, 9S, 13 (E) , 16S (E) ) -4 , 8-Dihydroxy-16- ( l-methyl-2 - (2- 
methyl-4-thiazolyl) ethenyl) -l-oxa-7,9, 13-trimethyl-5, 5- 
trimethylene-cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example 1, 27 itig (67%) of the title compound 
is obtained from 55 mg (0.08 miriol) of the compound that is 
described under 30f. 

^H-NMR (CDCI3) : 6 = 1.03 (3H), 1.23 (3H), 1-55 (3H), 2.07 
(3H) , 2*72 {3H) , 3.04 (IH), 3.32 (IH), 3.51 (IH), 3.70 (IH), 4.46 
(IH), 5.06 (IH), 5.49 (IH), 6.59 (IH), 7.02 (IH) ppm. 

Example 31 

(IR, 38 (E) ^7S, ICR, IIS^ 12 8, 16R) -7 , ll-Dihydroxy-3- ( l-methyl-2- (2- 
methyl-4-thiazoly 1 ) ethenyl) -10, 12 , 16-trimethyl-8, 8-trimethylene- 
4 , 17-dioxabicyclo [14.1. 0] heptadecane-5 , 9-dione (A) and 
(18,38 (E) ,78, lOR, 118, 12 8, 168) -7 , ll-dihydroxy-3- ( l-methyl-2- (2- 
methyl-4-thiazolyl) ethenyl) -10, 12 , l6-trimethyl-8, 8-trimethylene- 
4, 17-dioxabicyclo[14 . 1. 0] heptadecane-5 , 9-dione (B) 

Analogously to Example 14, 10 mg (39%) of title compound A 
and 8 mg (31%) of title compound B are obtained after separation 
from 25 mg (0.05 mmol) of the compound that is described under 
30. 

^H-NMR (CDCI3) of compound A: 6 = 1.02 (3H), 1.25 (3H), 
1.27 (3H) , 2.08 (3H), 2.71 (3H), 2.84 (IH), 3.13 (IH), 3.72 (IH), 
4.93 (IH), 5.51 (IH), 6.68 (IH) , 7.04 (IH) ppm. 



^H-NMR (CDCI3) of compound B: S = 0.98 (3H), 1.27 (3H), 
1.28 (3H) , 2.11 (3H), 2.89 (IH), 3.08 (IH), 3.70 (IH), 4.48 (IH), 
5.43 (IH), 6.58 (IH), 6.97 (IH) ppm. 

Example 32 

(4S,7R,8S, 9S, 13 (Z) / 16S (E) ) -4 , 8-Dihydroxy-9 ^ 13 -dimethy 1-7 -ethyl- 
16- (l-methyl-2- (2-methyl-4-thia2olyl) ethenyl) -l-oxa-5, 5- 
trimethylene-cyclohexadec-13-ene-2 / 6-dione 

Example 32a 

l-[ [ [Dimethyl (1, 1-dimethylethyl) silyl] oxy]methyl] -a- 
propylcyclobutanemethanol 

Analogously to Example 11, after purification, 20.81 g (72%) 
of the title compound is obtained from 24.15 g (105.8 mmol) of 
the compound that is described under 28c. 

^H-NMR (CDCI3) : <S = 0.09 (6H) , 0.93 (9H), 0.95 (3H), 1.36 
(3H), 1.48-1.80 (3H), 1.87 {3H), 2.08 (IH), 3.18 (IH), 3.56 (IH), 
3.72 (IH), 3.86 (IH) ppm. 

Example 32b 

l-[l-t [ [Dimethyl (1^ l-dimethylethyl) silyl ]oxy] methyl ]cyclobut-l- 
y 1 ] -l-butanone 

Analogously to Example Ik, after filtration on silica gel, 
20.7 g (100%) of the title compound is obtained from 20.81 g 
(76.34 mmol) of the compound that is described under 32a. 

^H-NMR "(CDCl^T: "S~= 0 ^"05 ("6H) , ~6^'8 S'^T^Hyr^ • 9^^3H')~^i". 59 
(2H), 1.75-1.95 (4H) , 2.23-2.34 (2H), 2.43 (2H), 3.81 (2H) ppm. 



Example 3 2c 

1-[1- (Hydroxymethyl) cyclobut-l-yl] -1-butanone 

Analogously to Example li, after purification, 11.57 g (97%) 
of the title compound is obtained from 20*7 g (76.34 mmol) of the 
compound that is described under 3 2b. 

^H-NMR (CDCI3) : 6 = 0.94 (3H), 1.64 (2H) , 1.85-2.10 (4H) , 
2.29-2.43 (2H) , 2.53 (2H), 3.87 (2H) ppm. 

Example 32d 

1- (1-Oxobutyl) cyclobutanecarbaldehyde 

Analogously to Example Ik, after filtration on silica gel, 
2.31 g (100%) of the title compound is obtained from 2.34 g (15 
mmol) of the compound that is described under 32c. 

''H-NMR (CDCI3) : 6 = 0.92 (3H), 1.62 (2H), 1.85-2.01 (4H) , 
2.38-2.55 (6H) , 9.69 (IH) ppm. 

Example 32e 

(4S, 5R) -3- (Bromoacetyl) -4-methyl-5-phenyloxazolidin-2-one 

82 ml of a 2.5 molar solution of butyllithium in hexane is 
added to a solution of 33.06 g (186.6 mmol) of ( 4S , 5R) -4-methyl- 
5-phenyloxazolidin-2-one in 500 ml of tetrahydrof uran within 30 
minutes at -70*^C under argon. Then, a solution of 15.55 ml (187 
mmol) of bromoacetyl chloride in 250 ml of tetrahydrof uran is 
added in drops in such a way that the internal temperature does 
not exceed -65°C. Then, it is stirred for one more hour at 
-7'O^CT Then, "the^ rea^ct ion mixture is poured onto 50 ml of 
saturated aqueous ammonium chloride solution. 90 ml of saturated 
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aqueous sodium bicarbonate solution is then added, allowed to 
come to 25*^0, diluted with water and extracted with ethyl 
acetate. The organic phase is washed with saturated aqueous 
sodium chloride solution, dried on sodium sulfate and 
chromatographed on silica gel. 42.32 g (76%) of the title 
compound is obtained. 

^H-NMR (CDCI3) : 6 = 0.95 (3H), 4.57 (2H), 4.80 (IH), 5.76 
(IH), 7.2-7.5 (5H) ppm. 

Example 32 f 

[4S-[3 (R*) ,4a, 5a] ]-3-[3-Hydroxy-l-oxo-3-[l- (1-oxobutyl) cyclobut- 
l-yl] propyl] -4-methyl-5-phenyloxazolidin-2-one 

2 00 mg (1.5 mmol) of anhydrous lithium iodide is added to a 
suspension of 5 g (40.68 mmol) of anhydrous chromium(II) chloride 
in 60 ml of tetrahydrof uran under argon. Then, a mixture of 5 g 
(16.77 mmol) of the compound that is described under 32e and 2.31 
g (15 mmol) of the compound that is described under 3 2d is added 
to 10 ml of tetrahydrof uran (exothermal reaction, the internal 
temperature should not exceed 3 5°C) . It is allowed to stir for 
one more hour at 25°C, and then 50 ml of saturated aqueous sodium 
chloride solution is added with slight cooling. It is stirred 
for another 3 0 minutes at 2 5°C. Then, it is extracted with ethyl 
acetate. The organic phase is washed with saturated aqueous 
sodium chloride solution, dried on sodium sulfate and 
chromatographed on silica gel. 3.89 g (69%) of the title 
— compound— is"obta"ined". " 



^H-NMR (CDCI3) : 6 = 0. 90-0*99 (6H), 1,58-1.73 (4H) , 1.79- 
2.05 {2K) , 2.10-2.69 (7K), 3.00-3.12 (2H), 3.44 (IH), 4.39 (IH), 
4.78 (IH) , 5.70 (IH), 7.27-7.33 (2H), 7.35-7.48 (3H) ppm. 

Example 329 

[4S-[3 (R*) /4a, 5a] ] -3- [3- 1 [Dimethyl ( 1 , 1-dimethylethyl ) silyljoxyj- 
1-0x0-3- [ 1- ( 1-oxobutyl) cyclobut-l-yl] propyl] -4-methyl-5- 
phenyloxazolidin-2-one 

Analogously to Example laq, after purification, 3.94 g (76%) 
of the title compound is obtained from 3.89 g (10.42 mol) of the 
compound that is described under Example 32f. 

^H-NMR (CDCI3) : <S = 0.08 (3H), 0.20 (3H), 0.85-0.98 (15H), 
1.55-1.93 (4H) , 2.03 (IH), 2.20-2.38 {3H), 2.45-2.67 (2H), 2.91- 
3.13 (2H) , 4.62-4.75 (2H), 5.67 (IH), 7.29-7.47 (5H) ppm. 

Example 32h 

(S) -3-r3-r TPiroethyl (1^ 1-dimethyl) silyl]oxy] -3-f 1- (1- 
oxopropyl) cyclobut-l-vll propanoic acid 

3.29 ml (32.3 mmol) of a 30% hydrogen peroxide solution 
(exothermal reaction, the internal temperature should not exceed 
15°C) is added to a solution of 3.94 g (8.08 mmol) of the 
compound, described under 32g, in 40 ml of a mixture of 
tetrahydrofuran and water (4:1) at 0°C. It is allowed to stir 
for 5 more minutes at 0°C, and then a solution of 309 mg (32.3 
mmol) of lithium hydroxide in 16 ml of water is added. Then, it 
- is -stir-red -for —3—more- hours"^"at^ 0°CT~~ "Therr,^The^~react ion mixture 
is carefully poured onto ice-cold sodium thiosulfate solution. 



It* is stirred for 5 more minutes at 0°C and for 15 minutes at 
2 5^C. Then, the tetrahydrof uran is drawn off in a vacuum, and 
the remaining solution is acidified with 5N hydrochloric acid to 
pH = 1^ It is extracted with dichloromethane . The organic phase 
is washed with saturated aqueous sodium chloride solution, dried 
on sodium sulfate and chromatographed on silica gel. 2.34 g 
(89%) of the title compound and 1.04 g (4S, 5R) -4-methyl-5- 
phenyloxazolidin-2-one, which can be used again in Example 32e, 
is obtained. 

^H-NMR (CDCI3) : <S = 0.09 (3H), 0.18 (3H), 0.86-0.97 (12H), 
1.59 (2H), 1.56-1.94 (3H), 2.05-2.36 (4H), 2.40-2.57 (3H), 4.44 
(IH) ppm. 

Example 321 

(3S, 6R,7S,8S, 12Z^ 15S^ 16E) -3 , 7 ^ 15 -Tr is- F Tdimethvl ( 1 , 1- 
dimethylethyl) silvlloxyl -6-ethyl-8, 12^ l6-trimethyl-4 , 4- 
trimethylene-17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 ^ 16- 
dienoic acid (A) and 

(3S^6S,7R,8S, 12E, 15S, 16E) -3 , 7 , 15-tr is- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -6-ethyl-8^ 12, l6-trimethyl-4, 4- 
trimethylene-17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 ,16- 
dienoic acid (B) and 

(3S, 6R, 7R>8S. 12Z, 15S, 16E) -3 , 7 , 15-tris- [ T dimethyl (1,1- 
dimethylethyl) silyll oxvl -6-ethvl-8, 12 , 16-trimethyl-4 , 4- 
trimethvlene-17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-12 ,16- 
' di^nofc acid (C) and 



(3S, 6S,7R, 8S, 12E, ISS , 16E) -3 , 7 , 15-tr is- [ [dimethyl ( 1 , 1- 
dimethylethyl) silyl]oxy] -€-ethyl-8 ^ 12 / 16-trimethyl-4, 4- 
trimethylene-17- (2-methylthiazol-4-yl) -5-oxo-heptadeca-l2 , 16- 
dienoic acid (D) 

Analogously to Example lak, lithium diisopropylamide is 
produced from 842 ^1 (5.99 mmol) of diisopropylamine and 3,74 ml 
(5.99 mmol) of a 1.6 molar solution of butyllithium in hexane in 
5 ml of absolute tetrahydrof uran. A solution of 787 mg (2.4 
mmol) of the compound, described under 3 2h, in 5 ml of absolute 
tetrahydrof uran is added to this solution at -78°C. It is 
stirred for one more hour at -40°C. Then, it is cooled again to 
-78°C, and a solution of 52 4 mg (1.2 mmol) of the compound, 
described under 2 8r, in 5 ml of absolute tetrahydrof uran is 
added. It is stirred for another hour at -78°C. Then, the 
reaction mixture is poured onto saturated aqueous ammonium 
chloride solution, 0.45 ml of glacial acetic acid is added and 
allowed to stir for one more hour. Then, it is extracted with 
ethyl acetate. The organic phase is washed with saturated 
aqueous sodium chloride solution, dried on sodium sulfate and 
concentrated by evaporation in a vacuum. The crude product that 
is obtained (max. 920 mg (100%)) is dissolved in 10 ml of 
dichloromethane and converted into the persilylated compound 
analogously to Example laq. The crude product that is thus 
obtained is dissolved in 30 ml of a 1:1 mixture of 
dichloromethane and methanol. 280 mg (1.2 mmol) of DL- 
~ camphor surforric^a^id~rs^a^ to stir for 2,5 

more hours at this temperature. Then, 2.5 ml of tr iethy lamine i 
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added. Then, it is concentrated by evaporation in a vacuum. The 
residue is taken up in dichloromethane • It is washed with IN 
hydrochloric acid and saturated aqueous sodium chloride solution. 
It is dried on sodium sulfate and concentrated by evaporation in 
a vacuum. The crude product that is obtained is separated by 
repeated column chromatography on silica gel. Obtained are: 229 
mg (22%) of compound A, 174 mg (17%) of compound B and 292 mg 
(28%) of a mixture of compounds C and D. 

^H-NMR (CDCI3) of compound A: S = 0.00 (3H), 0.02 (3H) , 
0.04 (3H), 0.08 (3H), 0.13 (3H), 0.18 (3H), 0.85-0,99 (33H), 1.79 
(3H), 1.94 (3H), 2.10-2.28 (5H), 2.30-2.45 (2H), 2.48 (H) , 2.70 
(3H), 2.90 (IH), 3.78 (IH), 4.17 (IH), 4.46 (IH), 5.19 (IH), 6.64 
(IH), 6.95 (IH) ppm. 

^H-NMR (CDCI3) of compound B: 6 = 0.00 (3H), 0.03 (3H) , 
0.06 (3H) , 0.07 (3H) , 0.14 (3H), 0.19 (3H), 0.78-0.98 (33H), 1.55 
(3H) , 1.92 (3H) , 2.12-2.50 (lOH), 2.69 (3H), 2.72 (IH), 3.00 
(IH) , 3.88 (IH), 4.08 (IH), 4.41 (IH), 5.10 (IH), 6.48 (IH), 6.94 
(IH) ppm. 

Example 32]c 

(3S, 6R,7S,8S, 12 2, 15S, 16E) -3, 7 -Bis- [ [dimethyl (1, l-dimethylethyl) - 
silyl]oxy] -l5-hydroxy-l7- (2-metliylthiazol-4-yl) -6-ethyl-8/ 12 , 16- 
trimethyl-4 , 4-trimethylen-5-oxo heptadeca-12 , 16-dienoic acid 

Analogously to Example li, 200 mg (100%) of the title 
compound, which is used without purification in the next step, is 
— obtained- f^r om~2-2 9- mg ( 0"2 6 mmo 1 ) of ncompouhd^AT "that" is" descr ibed 
under 32 i. 



Example 321 

{4S,7R,SS^3S,i3 (Z) ^ i6S (E) ) -4 , 8-Bis- [[ dimethyl { 1 , 1-dim thylethyl) - 
silyl]oxy]-16- (l-methyl-2- (2-methylthiazol-4-yl) ethenyl) -l-oxa-7- 
ethyl-9, 13-trimethyl-5^ 5-trimethylene-cyclohexadec-l3-ene-2 / 6- 
dione 

Analogously to Example law, after purification, 100 mg (51%) 
of the title compound is obtained from 200 mg (0.26 mmol) of the 
compound that is described under 3 2k. 

^H-NMR (CDCI3) : <5 = 0.93 (3H), 0.11 (3H), 0.16 (6H), 0.83 
(9H) , 0.88 (3H) , 0.96 (9H), 1.02 (3H), 1.68 (3H), 2.12 (3H), 
2.30-2.70 (6H) , 2.72 (3H), 3.03 (IH), 4.07 (IH), 4.43 (IH), 5.01 
(IH) , 5.17 (IH) , 6.58 (IH), 6.98 (IH) ppm. 

Example 32 

(4S,7R,8S,9S, 13 (Z) , 16S (E) ) -4 ^ 8-Dihydroxy-9 , 13 -dimethy 1-7-ethyl- 
16- (l-methyl-2- (2-methyl-4-thiazolyl) ethenyl) -l-oxa-5, 5- 
trimethylene-cyclohexadec-l3-ene-2 , 6-dione 

Analogously to Example 1, after purification, 63 mg (90%) of 
the title compound is obtained from 100 mg (0.13 mmol) of the 
compound that is described under 321. 

^H-NMR (CDCI3) : 6 = 0.95 (3H), 1.00 (3H) , 1.68 {3H) , 2.05 
(3H) , 2.72 (3H), 2.97 (IH), 3.67 (IH), 4.46 (IH), 5.08 (IH), 5.23 
(IH), 6.59 (IH), 6.98 (IH) ppm. 



278 



Example "33 ' 

(IS, 38 (E) , 7S, lOR, lis,. 12S, 16R) -7 , ll-Dihydroxy-3- ( l-methyl-a - ( 2 - 
methyl-4-thiazolyl) ethenyl) -12 , l6-dimethyl-l0-ethyl-8, 8- 
trimethylene-4, l7-dioxabicyclo[l4 . 1. 0]heptadecane-5,9-dione (A) 
and (IR, 3S (E) , 7S, lOR, lis, 12S, 16S) -7 , ll-dihydroxy-3- ( 1-methy 1-2 - 
(2-methyl-4-thiazolyl) ethenyl) -12 , 16-dimethyl-10-ethyl-8, 8- 
trimethylene-4, 17-dioxabicyclo [ 14 . 1. 0]heptadecane-5/ 9-dione (B) 

Analogously to Example 14, 24 mg (47%) of title compound A 
and 6 mg (12%) of title compound B are obtained from 50 mg (0.10 
mmol) of the compound that is described under 32. 

^H-NMR (CDCI3) of compound A: 5 = 0.95 (3H) , 0.98 (3H) , 
1.30 (3H), 2.07 (3H) , 2.71 (3H), 2.76 (IH), 3.03 (IH), 3.69 (IH), 
4.44 (IH) , 5.40 (IH), 6.58 (IH), 6.97 (IH) ppm. 

^H-NMR (CDCI3) of compound B: 8 = 0.92 (3H) , 0.95 (3H), 
2.10 (3H), 2,71 (3H) , 2.88 (IH), 3.04 (IH), 3.78 (IH), 4.49 (IH), 
5.53 (IH), 6.64 (IH), 6.99 (IH) ppm. 



Example 34 

(4S, 7R, 8S, 9S, 13 (E) , 16S (E) ) -4 , 8-Dihydroxy-9 , 13-dimethyl-7-ethyl- 
16- ( 1-methy 1-2 - ( 2 -methy 1-4-thiazoly 1 ) ethenyl) -l-oxa-5, 5- 
trimethylene-cyclohexadec-l3-ene-2 , 6-dione 



"ExeUnpTe'^34a 

(3S, 6R^7S/8S, 12E, 15S, 16E) -3,7-Bis-[ [dimethyl ( 1, 1- 

dimethylethyl) silyl]oxy] -l5-hydroxy-l7- (2-methylthiazol-4-yl) -6- 
ethyl-8 ,12, 16-trimethyl-4 / 4-tr imethylen-5-oxo-heptadeca-12 , 16- 
dienoic acid 

Analogously to Example li, 151 mg (100%) of the title 
compound, which is used without purification in the next step, is 
obtained from 174 mg (0.20 mmol) of compound B that is described 
under Example 32 i . 

Example 3 4b 

(4S,7R,8S,9S, 13 (E) , 16S (E) ) -4 , 8-Bis- [ [ dimethyK 1 , 1- 
dimethylethyl) silyl]oxy] -16- (l-methyl-2- (2-methylthiazol-4- 
yl) ethenyl) -l-oxa-7-ethyl-9 , 13-trimethyl-5/ 5-trimetliylene- 
cyclohexadec=13-ene-2 , 6-dione 

Analogously to Example law, after purification, 86 mg (58%) 
of the title compound is obtained from 151 mg (0.20 mmol) of the 
compound that is described under 34a, 

^H-NMR (CDCI3) : <S = 0.04 (3H), 0.11 (6H), 0.13 (3H), 0.86 
(3H) , 0.88 (9H) , 0.93 (9H) , 1.01 (3H), 1,54 (3H), 2.17 (3H), 
2.24-2.46 (3H) , 2.72 (3H), 2.83 (IH), 3,03 (IH), 4.08 (IH), 4.53 
(IH), 5.13 (IH), 5.27 (IH), 6.53 (IH), 6.96 (IH) ppm. 
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Exampl _3 4 

(4S,7R^8S,9S, 13 (E) , 16S (E) ) -4 , S-Dihyaroxy-9 , 13 =dimethyl-7-ethyl- 
16- ( l-methyl-2- (2-methyl-4-thiazolyl) ethenyl) -l-oxa-5^ 5- 
trimethylene-cyclohexadec-13-ene-2 , 6-dione 

Analogously to Example 1, 3 9 mg (65%) of the title compound 
is obtained from 86 mg (0.12 mmol) of the compound that is 
described under 34b. 

^H-NMR (CDCI3) : S = 0.93 (3H), 1.06 (3H), 1.53 (3H), 2.03 
(3H), 2.69 (3H) , 3.09 (IH), 3.82 (IH), 4.52 (IH), 5.03 (IH), 5.36 
(IH), 6.60 (IH) , 7.03 (IH) ppm. 

Example 3 5 

(IR^ 3S (E) , 7S, lOR, lis, 12s, 16R) -7 , ll-Dihydroxy-3- ( l-methyl-2 -( 2 - 
methyl-4-thiazolyl) ethenyl) -12, l6-dimethyl-10-ethyl-8 , 8- 
trimethylene-4, 17-dioxabicyclo [14.1. 0] heptadecane-5/ 9-dione (A) 
and 

(IS, as (E) , 7S, ICR, lis, 12s, 16S) -7 , ll-dihydroxy-3 - (l-methyl-2 - (2- 
methyl-4-thiazolyl) ethenyl) -12 , l6-dimethyl-10-ethyl-8 , 8- 
trimethylene-4, 17-dioxabicyclo [ 14 . 1. 0]heptadecane-5, 9-dione (B) 

Analogously to Example 14, 10 mg (32%) of title compound A 
and 8 mg (26%) of title compound B are obtained from 30 mg (0.06 
mmol) of the compound that is described under Example 34. 

^H-NMR (CDCI3) of compound A: S = 0.95 (3H), 1.03 (3H), 
1.23 (3H) , 2.08 (3H), 2.71 (3H), 2.84 (IH), 3.16 (IH), 3.82 (IH), 
4.52 (IH), 5.50 (IH), 6.72 (IH), 7.06 ( IH) ppm. 



y 5 

ru 



^H-NMR (CDCI3) _of _cpinp.aund^3 : 6 ='Q^93^( 3'H) ^ 0 -98 ( 3H) , 

1.22 (3H) , 2.06 (3H); 2.70 {3H), 2.88 (IH), 3.05 (IH), 3.62 (IH), 
4.46 (IH), 5.41 (IH), 6.60 (IH), 6,96 (IH) ppm. 



